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Program Fall Meeting 
American Welding Society 


October 30th and 31st, 1924 
Headquarters at 


Hotel Winton, Cleveland, Ohio 


THURSDAY, OCTOBER 30, 1924 


Morning 
10:30 A. M.—Registration Hotel Winton 


From 10 a.m. to 11 a.m. members will be provided an opportunity 
to get together and renew friendships. 


10:30 A. M.—Welding Wire Specifications Committee Meeting 
(Committee members) 

Principal object is to consider specifications and standards sub- 
mitted by other organizations for our comments. 
11:00 A. M.—Address of Welcome 

Members are expected to report promptly as one of the City or 
State officials, in addition to the President of the Society, will wel- 
come our members to Cleveland. Mr. H. H. Dyar, Chairman of the 


Cleveland Section, will give a detailed explanation of each session 
on the program. 


12:30 P. M.—Luncheon* Hotel Winton 


An informal luncheon has been arranged at the Hotel Winton. 
Admission will be by the combination luncheon and dinner card 
issued by the Society to members. 


Afternoon 


2:00 P. M.—Inspection Trip Starts from Hotel Winton 

Cleveland offers several opportunities for worth while inspection 
trips of interest to members in the American Welding Society. 
The Cleveland Committee has made arrangements to include a 
number of places on the tour such as a railroad repair shop, welded 
pipe line, and a plant of a manufacturing company. The party 
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will start promptly at 2 o’clock and transportation arrangements 
have been made to keep all the members together. These inspection 
trips have in the past proven entertaining and profitable. 


Evening 


7:00 P. M.—Barbecue Dinner* Hotel Winton 

The Annual and Fall dinners of the American Welding Society 
are looked upon as “important events.” This one will be something 
special. The Cleveland Committee have surrounded the details 
with a veil of secrecy. We are told, however, that it will be in- 
formal with a lot of good things to eat and some very unusual en- 
tertainment features. Admission will be by the combination lunch- 
eon and dinner card issued by the Society to members. 


FRIDAY, OCTOBER 31, 1924 


Morning 
10:00 A. M.—Technical Session Hotel Winton 


Electric Arc Welding as a Method of Fabricating Large Struc- 
tures.—H. Goldmark, W. Spraragen and W. L. Warner. 


Uses of Spot Welding in the Structural Field.—H. A. Woofter. 


Gas Welded Structures and the Cutting Torch as a Tool in the 
Structural Field.—G. O. Carter and D. C. McGiehan. 


Arc Welded Steel Building. —J. W. Turner. 
Loosening of Rivets.—R. Kinkead. 


Welding and cutting possess remarkable possibilities as a sub- 
stitute for present methods used in the fabrication of large struc- 
tures such as cranes, bridges and buildings, etc. Important facts, 
figures and test data will be presented by experts for the considera- 
tion of the members of the Society and leading executives of the 
steel industries. These papers will be illustrated by lantern slides. 


12:30 P. M.—Luncheon* Hotel Winton 

Directly after the technical session a luncheon has been arranged 
in honor of the important guests (Executives from the steel in- 
dustry), who will attend the technical session. Admission to mem- 
bers will be by the combination luncheon and dinner card issued 
by the Society to members. 


Afternoon 
2:30 P. M.—Board of Directors Meeting Hotel Winton 


An open meeting of the Board of Directors and all members of 


the Society. This session has been arranged to allow members an 
opportunity to assist the Board of Directors in discussing plans 
for promoting the welfare of the Society, including membership, 
Society meetings, Society publications, increasing number of sec- 
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tions, employment service bulletin and cooperation with other or- 
ganizations. 


4:00 P. M.—Meeting of Meetings and Papers Committee with 
Chairmen of Local Sections to discuss section 
programs 


4:00 P. M.—Meeting of Membership Committee 


Evening 
8:00 P. M.— Y. M. C. A. Building 


Motion Picture—Oxygen the Wonder Worker—F. E. Rogers, 
Air Reduction Sales Co. 

This four reel film shows how liquid air is made, why it is possi- 
ble to separate the gases of the atmosphere; how oxygen is ex- 
tracted from the air; how the high temperature (6300 deg. Fahr.) 
of the oxy-acetylene flame is produced; how carbide is made and 
acetylene gas generated ; how iron, steel, copper, brass, aluminum 
and other metals are welded; how steel and cast iron are cut; how 
the oxy-acetylene torch is adapted to mechanical cutting and weld- 
ing; and how welding and cutting operations of great economical 
value are performed in some of the country’s important industrial 
plants and railroad shops. 


The Electric Arc.—T. A. Wry, General Electric Co. 
A projector has been developed which will show what happens 
in metallic arc welding. The arc will be projected on a screen 


while in operation so it may be readily seen by all members of the 
audience. 


Liquid Oxygen demonstration. F. E. Rogers, Air Reduction 
Sales Co. What are the possibilities of liquid oxygen? Come and 
see among other things mercury frozen so hard that it can be 
used as a hammer to drive nails, a rubber ball frozen so stiff that 
it will crack like glass from a blow of the hammer and an egg boiled 
hard and then changed back again. 


A Thermit Reaction.—R. L. Browne, Metal and Thermit Corp’n. 
An actual demonstration of a Thermit Weld. 





_  *The combination luncheon and dinner card referred to above provides for admis- 
sion to the luncheon ursday noon, dinner Thursday evening and the Juncheon 
Friday noon. Price to members for the combination ticket $7.50. 





OFF TO ATTEND THE FALL 
MEETING! 


Now is the time to get out the old 
suit case and dust it off in prepara- 
tion for a trip to Cleveland. 

The Fall Meeting of the Society 
will be held in the above city on the 
30th and 31st of October. Hotel Win- 
ton is to be the headquarters. Every- 





thing has been done that is humanly 
possible to make the meeting both 
entertaining and instructive. 

In spite of all these efforts, how- 
ever, the success or failure of the 
meeting depends entirely upon your 
assistance. Elsewhere in the Journal 
there is described the purpose of the 
technical session, which is, namely, to 
extend the use of welding in the 








6 JOURNAL OF 


fabrication of bridges, buildings, 
cranes and similar structures. n 
idea of the importance of the meet- 
ing can be gained from the fact that 
prominent steel executives from all 
over the country have been invited 
to attend. If these busy men can 
afford to give up several days to come 
to Cleveland in order to keep abreast 
of the latest information, it certainly 
will also help our members. 

Cleveland is known for its hospi- 
tality, and the officers and members 
of the Cleveland Section have made 
herculean efforts to provide inspection 
trips, demonstrations, dinners and get- 
together sessions that will amaze you. 
All that is necessary to put the thing 
over is your attendance. You owe it 
to the hard-working members of the 
various committees responsible for 
the Fall Meeting activities to 
present in appreciation of their work 
for you. 





FUNDAMENTALS OF ELECTRIC 
WELDING 


In welding % in. plate of mild steel, 
it is possible to do it in a number of 
ways. For example, you might use 
an % in. electrode with 125 amperes 
or you might use a 3/16 in. electrode 
with 200 amperes. Again, the added 
metal can be deposited in one layer, 
two layers or three layers. More- 
over the welding edges can be so 
beveled as to form a double vee, each 
vee extending one-half the thickness 
of the plate, or a single vee extend- 
ing to the bottom of the plate. Again 
you might be forced to do the welding 
in a flat, vertical, horizontal or over- 
head position. What would be the 
relative strengths of the joints in 
these several cases where the welding 
was done with a good operator? We 
all have opinions on the subject. Most 
of us, however, would find it difficult, 
if not impossible, at the present time 
to actually assign definite percentages 
in each specific case listed above. 

Recognizing the importance of hav- 
ing actual test data available on these 
different variables, there was started 
a comprehensive investigation during 
the war under the auspices of the 
Welding Committee of the Emergency 
Fleet Corporation. A large number 
of test samples were made up under 
proper supervision with competent 
welders. The war came to an end; 
funds for this, as well as for many 
other investigations, immediately 

In the case of these welded 
samples, however, they were not de- 
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stroyed, but were carefully machined 
and stored away through the courtesy 
of the General Electric Co. and Elec- 
trical Testing Laboratories of New 
York. With the plans of the Ameri- 
can Bureau of Welding turning in 
the direction of extending the use of 
welding in the structural field, the 
necessity for fundamental! information 
becomes at once apparent. 

The Electric Are Welding Com- 
mittee, under the chairmanship of 
Mr. H. M. Hobart, has accordingly 
been requested to devise ways and 
means for getting the samples tested. 
Fortunately, Union College has of- 
fered the services of its laboratory 
without charge. Our members, as wel! 
as the entire welding fraternity, will 
be pleased to know that testing of 
these samples will be started shortly. 

Through the courtesy of National 
Research Council, which is conduct- 
ing a scientific study of the fatigue 
properties of metals and the laws 
governing their behavior, at the Uni- 
versity of Illinois, it was also possible 
to arrange to have the “fatigue” speci- 
mens tested by the University of 
Illinois without expense to the Society. 





DO SOMETHING FOR YOUR IN- 
DUSTRY 


In this issue you will find several 
technical papers dealing with the ap- 
plications of welding in the struc- 
tural field. These papers may be con- 
sidered as the Senenat launching of a 
project by the research department 
of the Society (American Bureau of 
Welding) which has for its aims the 
extension of the use of welding in the 
structural field. 

The possibilities of welding and cut- 
ti as used in the fabrication of 
buildings, bridges and cranes are well 
known to the welding experts but not 
to executives of fabricating companies, 
steel mills and legislators. Some ser- 
vice results have been obtained. In 
nearly all of these cases, however, the 
structure was designed for riveting 
and then welded. Competent engi- 
neers know that such methods do not 
bring the best results either in econo- 
mies or in quality of product. 

Reliable data are needed on al! 
phases, including costs, time of con- 
struction, design of joints, testing 
methods, inspection, methods of as- 
sembly, etc. There is only one way 
to secure this information and that 
is through the cooperative effort of 
everyone concerned. The project 's 
so large, the problems are so cor- 
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plicated, that it requires the com- 
bined knowledge and wisdom of every- 
one connected with the welding move- 
ment to bring about successful solu- 
tions. Moreover, even with the labora- 
tory facilities at the disposal of the 
American Bureau of Welding, the cost 
of investigation will amount to many 
thousands of dollars. You, as well 
as anyone else, can help. Before any 
investigational work can be under- 
taken it is necessary to ey sift 
and digest all available knowledge. 
The proper way to get it before the 
people interested is to publish any ex- 
isting information in the Journal of 
the Society. Later on, when the in- 
vestigation is formally undertaken, 
you can help by getting the executives 
of leading corporations interested in 
the problem. You are urged to care- 
fully read each page of this Journal 
and to submit discussions. 


EDUCATIONAL COMMITTEE 


In order that the excellent work 
of the Training of Operators Cemmit- 
tee of the American Bureau of Weld- 
ing may be, if possible, expanded _— 
and made more useful to the welding 
engineers, an Educational Committee 
has been appointed, whose function it 
is to explain in more detail the prin- 
ciples established by the Training of 
Operators Committee and to consider 
problems which require study and 
explanation, in order that everyone 
may have the benefit in comprehensive 
form of the experience of many. 





DIRECTORY 


Through a misunderstanding, the 
name of Malcolm Thomson, Turbine 
Engineer, General Electric Co., Lynn, 
Mass., Class B, was omitted from our 
directory. 


List of New Members Since Publication of Directory 


MEMBERSHIP 


In the last issue of the Journal 
members were advised of the member- 
ship campaign being conducted by the 
Society to get new members. As 
stated in this issue, there will be a 
public acknowledgment to those who 
fulfill their obligation in getting at 


BOSTON 


H. M. Steward (B), Superintendent of 
Maintenance, Boston Elevated Rail- 
way Co., 31 St. James Ave., Boston, 
Mass. Proposed by J. J. Flaherty. 

E. L. Lockman (C), Assistant Engi- 
neer, Surface Lines, Boston Ele- 
vated Railway Co., 31 St. James 
Ave., Boston, Mass. Proposed by 
J. J, Flaherty. 

William P. Kelly (D), Welder, 28a 
Plymouth St., Cambridge, Mass. 
Proposed by J. W. Morrissey. 

Michael Kevelle (D), Welder, 238 
Norfolk St., Cambridge, Mass. 
Proposed by J. W. Morrissey. 


CHICAGO , 


Walter DeVries (B), Master Me- 
ehanic, Whiting a x Harvey, Ill. 
Proposed by W. P. erts. 

J. B. Dunlop (B), Salesman and Ser- 
vice man, Oxweld Acetylene Co., 
3642 rp Place, Chicago, II. 
Proposed by Geo. F. Schmid. 

Fred B. Johnson, (B), Sales Engineer, 
ee —~ no gg 3642 Jasper 

ace, cago, Ill. Proposed b 
Geo. F. Schmid. cc ; 


least one new member by printing in 
addition to the names of the new 
members the names of the proposers. 


The names of new members secured 
since the publication of the directory 
are given below, as well as the names 
of the members credited with bring- 
ing thém into the Society. 


George Rose (B), Engineer, Oxweld 
Acetylene Co., 3642 Jasper Place, 
Chicago, Ill. Proposed by Geo. F. 
Schmid. 

Charles O. Watson (C), Salesman, 
Gibb Instrument Co., 551 West Van 
Buren St., Chicago, Il. Proposed 
by W. H. Gibb. 

Fred Blaes (D), Apprentice Boiler 
Maker, 2768 Taylor Blvd., Louis- 
ville, Ky. Proposed by Guy W. 
Bottorff. 

Gerrit Evans (D), Welder, 14625 
Clinton St., Harvey, Ill. Proposed 
by Stuart Plumley. 


CLEVELAND 
Robt. E. Kinkead (C), Engineer, Lin- 
coln Electric Co., Coit Road and 
Kirby Ave., Cleveland, Ohio. Pro- 
posed by J. C. Lincoln. 


NEW YORK 
E. W. Ryder (B), Sales Represen- 
tative, Morris, Wheeler & Co., 39 
Cortlandt St., New York. Proposed 
by J. W. Meadowcroft. 
Frederick Conlin (C), General Man- 
ager, Chemical Treatment Co., 26 
Broadway, New York. 
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WESTERN NEW YORK 
Howard D. Thomas (B), Welder, 


Merchants Despatch ns. Co., 
East Rochester, N. Y. Proposed 
by G. W. Swan. 

Edward S. Hebeler (C), Superin- 


tendent, Allan Mfg. & Welding Co., 
Inc., 726 Washington St., Buffalo, 
N. Y. Proposed by G. W. Swan. 

John F. Mallon (D), Cleaning Room 
Foreman, American Radiator Co. 
(Arco Steel Dept.) 1807 Elmwood 
Ave., Buffalo, N. Y. 

Felix Najeski (D), Welder, American 
Radiator Co. (Arco Steel ea 4 
1807 Elmwood Ave., Buffalo, , 

Jos. H. Sander (D), Melter, American 
Radiator Co. (Steel 4% 1807 
Elmwood Ave., Buffalo, y. - 


PHILADELPHIA 


Edward Evans (B), Manager, Fence, 
Culvert & Wire Products Dept., 
Horace T. Potts Co., East Erie Ave. 


[October 


and D Sts., Philadelphia, Pa. Pro- 
posed by J. W. Meadowcroft. 

A. A. Ziegler (B), Manager of Sales, 
Morris, Wheeler & Co., 30th and 
Locust Sts.. Philadelphia, Pa. Pro- 
posed by J. W. Meadowcroft. 

George Kahmar (C), Foreman, Amer- 
ican Pulley Co. (Res.), 141 W. 
roe | St., Philadelphia, Pa. Pro- 
po by J. W. Meadowcroft. 

Alan C. Walker (C), General Factory 
Foreman, American Pulley Co., 
(Res.) 4524 Smedley St., Phila- 
delphia, Pa. Proposed by J. W. 
Meadowcroft. 

J. Leutwyler, Jr. (D), Operator Weld- 
ing, E. G. Budd Mfg. Co., (Res.) 
7229 Claridge Ave., Philadelphia, 
Pa. Proposed by J. W. Meadow- 


croft. 
SOCIETY 


H. E. Josselyn (D), Purchasing 
Agent, St. John Dry Dock & Ship- 
bldg. Co., Ltd., St. John, N. B. 


SECTION ACTIVITIES 


Philadelphia: 


The October meeting will be held 
on the 20th in the Engineers’ Club. 
J. H. Deppeler, chief engineer of 
the Metal & Thermit Corporation, will 
present a paper on the “Possibilities 
of Thermit—Past, Present and Fu- 
ture,” illustrating same with motion 
pictures. 

The Philadelphia Section has de- 
veloped some careful plans for in- 
creasing membership in the Section. 
The Membership Committee has di- 
vided the city and each member of 
the committee has been assigned 
a specific section. The procedure will 
be to visit the companies who are 
interested in welding and advise them 
of the activities of the Society and 
the service which can be received 
through membership. New members 
as well as the proposer will be ad- 
vertised in the Journal. Cooperation 
is being sought from the Philadelphia 
Safety Council, as in this way it is 
— to extend the use of welding. 

n the last issue of the Journal, 
Philadelphia Night was given as 
Dec. 19. This should have been Dec. 
15, 1924. 


New York: 


The first meeting of this section 
was held on the evening of Oct. 14 in 
the Engineering Societies Building. 
This opening session was termed “Get- 


Together Session” and also “Railroad 
Night.” Moving pictures and lantern 
slides were featured on the applica- 
tions of welding by the several proc- 
esses in the railroad field and 
they were described by J. Weiss 
of the New York Central Railroad, 
W. H. Ludington of the Air Re- 
duction Sales Co. and J. H. Dep- 
peler of the Metal & Thermit Corpora- 
tion. Cider, smokes and pretzels 
helped to add to the success of the 
meeting. About 100 people were pres- 
ent and keen interest was displayed 
in the various applications. A num- 
ber of questions covering the various 
technical features were asked and 
satisfactorily answered. 

An unusual feature of the meeting 
was something not on the program. 
This consisted of a six-reel motion 
picture showing Buster Keaton in ac- 
tion. 

One of the methods adopted by the 
New York Section in getting new 
members was to distribute blank cards 
at the meeting with a request that 
everyone present write the name of 
at least one person who should become 
affiliated with the American Welding 
Society. These people will be inter- 
viewed by the Membership Committee. 

A tentative program of the New 
York Section for the rest of the year 
is as follows: 

Nov. 11—“Applications of Butt and 
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ro- Spot Welding in Modern Industry,” 
H. A. Woofter, Thomson Electric 

es, Welding Co. 

ind Dec. 16—“Welding in the Oil In- 

ro- dustry,” F. C. Fyke, Standard Oil 
Co. of New Jersey. 

er- Jan. 13—“The Possibilties of Ther- 

W. mit—Past, Present and Future,” J. H. 

ro- Deppeler, Metal & Thermit Corpora- 
tion. 

ry Feb. 3—‘“Purity of Oxygen as 

10., Effecting Economy in Cutting,” Her- 

la- man Van Fleet, Air Reduction Sales 

W. Co. 

March 10—“Power Service for 
1d- Electric Welding.” Speakers to be 
iS.) announced later. 
iia, May 7—Subject and speaker to be 
w- announced later. 

Chicago: 

The October meeting of the Chicago 
ing Section was held on the 3rd in the 
‘ip- rooms of the Western Society of Engi- 


neers. A paper was presented by 
A. M. Candy of the Westiatanen 
Electric & Manufacturing Co. on 
“Electric Are Process of Reclaiming 
and Scrapping Steel Freight Cars.” 
A lengthy discussion followed on the 
relative merits of gas and electric are 
for cutting of rivets and methods to 
be followed to get the best economies 
by each process. 

The next meeting will be held on 
Nov. 17, at which time David Ahldin 
and Keith Dunham will present a pa- 
per on “Acetylene.” 

Western New York: 

The first meeting of the Western 
New York Section was held at Car- 
negie Hall, University of Rochester, 
on Sept. 17. Mr. W. B. Miller, metal- 
lurgist of the Pfaudler Company, pre- 
sided. The speaker of the evening 
was C. J. Holslag of the Electric 
Are Cutting & Welding Co., who 
talked on A. C. welding and also 
touched upon gas and direct current 
welding. 

The October meeting of the Section 
will be held at the Technical High 
School, Buffalo, N. Y., at which time 





the R. M. Swan of the Metal & Thermit 
wl Corporation will present the paper, 
nhs “Thermit Welding,” accompanied by 
hat several demonstrations. 

of 

me 

ing 

eT- 

tee. 
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Boston: 


The Boston Section announces their 
program for the coming year as fol- 
lows: 

Oct. 24—H. A. Woofter will pre- 
sent a paper on the “Advantages 
and Scope of Applications of Resis- 
tance Welding in Industrial Manufac- 
turing.” Particular attention will be 
given to the developments ir the past 
year. Several demonstrations of re- 
sistance welding will be shown. The 
place of the meeting will be the plant 
of the Thomson Electric Welding Co. 
at Lynn. 

Nov. 21—C. A. Adams and C. J. 
Holslag will present papers at the 
Boston City Club. Subjects to be 
announced later. 

Dec. 19—S. W. Miller of the Union 
Carbide & Carbon Research Labora- 
tories will present a paper on “Weld- 
ing with Bronze.” 

Jan, 23—Prof. A. S. Kinsey, Stevens 
Institute of Technology. Subject to 
be announced later. 

Feb. 20—R. L. Browne and C. A. 
McCune. Subjects to be announced 
later. 

March 20—Dr. A. Krebs, General 
Welding & Equipment Co. Subject 
to be announced later. 

April 17—Prof. V._ 0. Homerburg 
and C. E. Littlefield. Subjects to be 
announced later. 


Pittsburgh: 


The October meeting of the Pitts- 
burgh Section will be held on the 17th 
in the office of the Smith Metal Per- 
forating Co. A. Smith, manager, 
will present a paper on “A New Sys- 
tem of Arc Welding and Cutting,” 
after which he will give a demonstra- 
tion of same in his shop. 


San Francisco: 


The September meeting was held 
on the 19th. E. W. King, welding 
foreman of the Standard Oil Co., 
Pipe Line Department, presented an 
interesting paper on the “Uses of 
Welding in the Oil Fields.” The 
paper was illustrated by lantern slides 
and showed how welding is saving the 
oil field operators money and time. 








Help Make the Fall Meeting a Success. 
Plan to Attend. 
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EMPLOYMENT- SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 
in the BULLETIN. 


Services Available—Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to mem- 
bers. Announcements will not be repeated except upon request received after 
an interval of three months; during this period, names and records will re- 
main in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’s 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be Addressed to the number Indi- 
cated in Each Case and Mailed to Society Headquarters. 


Positions Vacant 


V-18. Acetylene welder wanted in Philadelphia, experienced in all metals. 
Full particulars first letter, hourly rate and names of employers for past three 
years. Electric welding knowledge helpful but not essential. Expenses 
refunded if competent after three months. 


V-19. Electric welder wanted in Philadelphia with cast iron experience. Ful! 
particulars first letter, hourly rate and names of employers for past three 
years. Acetylene welding knowledge helpful but not essential. Expenses 
refunded if competent after three months. 


Services Available 


A-18. Experienced oxy-acetylene welder desires position. Have had 9 years’ 
all around experience as welder and in machine shop work. At present located 
in Brooklyn. 


A-23. Welder desires position. Have taken the General Electric Training 
Course and have had five months’ experience with the General Electric Co. on 
welding wheels, oil switch vessels, gear cases and welding tanks with semi- 
automatic welding machine. Have also had four years’ experience with Fer- 
rocarril Central Dominicano R. R., welding oil tanks, building up shafts for 
locomotives, frogs, cast iron gears, locomotive frames, etc. 


A-24. Acetylene welder desires work in Philadelphia or vicinity. Have had 
four years’ experience in welding all metals. 


A-25. Electric are welder desires position. Have taken the General Electric 
Training Course and have had two years’ experience with the General Elec- 
tric Company welding various kinds of oil switch tanks, gear cases, and struc- 
tural steel work. 


A-26. Welder available. Am 27 years of age and have had railroad exper): 
ence for over a year in New York Central and Lackawanna Railroad with 
both the electric arc and acetylene welding. Have welded all kinds of meta! 
and set up own work. Have been with shipyards and small boiler shops. Can 
do overhead welding with either electric arc or acetylene. Would like a pos'- 
tion within short commuting distance of New York City. 


A-27. Six years’ experience as welding engineer. Theoretical and practic! 
work. 2% years in South America as Welder for International General Elec- 
tric Co. Married. Speaks Spanish fluently. Willing to go anywhere. 




































Uses of Spot Welding in the Structural Field* 
By H. A. WooFTER} 


Until fairly recent years, the hot driven rivet ruled supreme in 
the structural field. It was monarch of all boilers, bridges, trusses, 
building frames, smokestacks, steel ships, automobile bodies, etc., 
too numerous to mention. The practice of riveting was adhered 
to, in large measure, simply because it had always been done that 
way, and no effort was made to find a better and cheaper method. 
In recent years, however, the hitherto undisputed domain of the 
rivet is rapidly being encroached upon by electric welding in some 
of its various methods. Already steel automobile bodies, iron stair- 
ways and ventilators on battleships, smokestacks, cutter bar seg- 
ments for mowing machine blades, metal furniture, automobile 
parts, disc wheels, steel culverts, and many other articles are being 
spot welded throughout, instead of being riveted, and the use of 
spot welding is increasing for structural purposes every day. The 
reasons for the change from riveting to spot welding are many— 
some of which are greater strength, greater production, lower 
cost, cleaner, and no money outlay for rivets, drill presses, drills, 
pneumatic hammers, dolly bars, forges or fuel. The greater 
strength of the spot weld versus rivet is shown in Figure 1. 

A Convincing Test of Spot-Welding 

Welds hold over sixty per cent more than rivets on actual tests. 
Riveted and welded pieces shown in Fig. 1. Tested at the Lunken- 
heimer Laboratory in Cincinnati. We give their report as follows: 
No. 1. Spot-welded in one place—broke at weld at 1625 pounds. 
No. 2. Spot-welded in two places, also two rivets—broke at 
rivets at 1555 pounds. 

No. 3. Spot-welded in three places—broke outside weld at 2715 
pounds. (Notice elongation of metal.) 

No. 4. Spot-welded in three places, also three rivets—broke at 
rivets at 2055 pounds. 

No. 5. Solid lap weld—broke outside weld at 2720 pounds. 

No. 6. Butt-welded—broke at weld at 2555 pounds. 

_No. 7. Spot-welded in one place, and riveted once—broke at 
rivet as 990 pounds. 

No. 8. Solid lap weld—broke at weld at 2425 pounds. 

a hg Spot-welded in two places—broke at weld at 2275 
pounds. 


No. 10. Plain piece of hoop iron, not welded—pulled apart at 
2690 pounds. 


Carefully Compare These Tests 


Test No. 1. One Spot-Weld: broke at 1625 pounds. 
Test No. 7. One Rivet: broke at 990 pounds. The weld stood 
60 per cent more than the rivets. 


*To be presented at the Fall Meeting, A. W. S., Cleveland, Oct., 1924. 
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Test No. 9. Two Spot-Welds: broke at 2275 pounds. 

Test No. 2. Two Rivets: broke at 1555 pounds. The weld 
stood over 60 per cent more than the rivets. 

Test No. 3. Three Spot-Welds: broke outside weld at 2715 
pounds. 

Test No. 4. Three Rivets: tore apart at 2055 pounds. 

















Fig. 1 


Further proof of the superiority in strength of a spot weld over 
a rivet of same diameter is shown in Figure 2 and Figure 3. These 
specimens were broken by pulling in an Olsen Testing Machine, and 
were selected at random from a large number of specimens all 
showing results as illustrated. 

Two unusual cases where the rivet has been superseded by spot 
welding are shown below. Figure 4 shows the hanger arms spot 
welded on to the crank case of one of our most popular automobiles. 
Figure 6 illustrates a new use for spot welding, which gives nearly 
ten times the production that was formerly got by the old rivet- 
ing or bolting process. Figure 5 is self-explanatory and demon- 
strates that brass can be spot welded as easily as steel. 

Probably the first successful employment of spot welding to 
heavy structural work was that of Mr. Osborne’s freight car, 
figures 7 and 8, built in 1911, and which has been in service ever 
since, without failure of any of its numerous spot welded members. 
This case demonstrates the feasibility and safety of building stee! 
freight cars by the spot welding process. 

The spot welder can also be used to build up a ladder or grating 
of the same shape and appearance as the present standard type 


EA LORRAIN 9S IPL EERE A OPER BT PT 


. 
t 








STRUCTURAL FIELD 


IN 


SPOT WELDING 


1924] 


® 
Q 
o 
— 
Q. 
eo 
nm 
~ 
~~ 
a) 
~ 
v 
ie) 
e 
ov 
oo 
& 
—s 
s 
o 
=) 
+ 
& 
— 
2 
oo 
° 
_— 
ao 
fe) 
a 
= 
a 
® 
— 
ovo 
Mm 
O°) 
nN 
3 
oo 
~ 
v 
a 
ov 
c 
z 
nN 


> 
~ 
ev 
- 
©. 
5 
~ 
— 
TN 
) 
| 
oe 
os 
) 
Y 
Ss 
N 
ov 
S 
no 
S 
° 
bo 
S 
= 
te 
S 
v 
I 
ie) 
_ 
° 
.-) 
= 
ee) 
L 
s 
oe 
bo 
& 
5 
os 
S 
2 
> 
2 


straight strap for the supporting frame an 


Instead of a 
angle iron is used and a short length on each end of the rung is 


welded to one flange of the angle as shown in Figure 9. 


place. 


In making 


the weld the underside of this flange rests on a flat topped electrode 
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while the rung is held in a V-shaped groove in the upper electrode. 
A welded grating can be made at a considerable saving of time and 
labor over the riveted grating. 

During the war, the practice of spot welding ventilator funnels, 
smokestacks and stairways for the destroyer fleet was adopted, 
and is still in use. 

The first attempt, so far as I can determine, to employ the spot 
welding process to the construction of steel ships was in 1917, 
when war requirements demanded the greatest possible speed in 





Fig. 7—Welder Fastening the End Sheet to the 
Floor Sheet 


constructing the Emergency Fleet. Several large spot welders 
for this purpose were constructed in 1918, the largest of which, 
known as the Duplex Spot Welder, Figures 11 and 12, because of 
its making two spots at once, was designed by Mr. J. Murray Weed. 
The spots were each 1% in. in diameter, made in approximately 30 
seconds, using about 50,000 secondary amperes, and 60,000 pounds 
pneumatic pressure to complete a weld on two % in. steel plates. 
It had a 6 foot throat gap to permit the insertion of 6 feet, width 
of plates for spot welding. This welder was stationary and the 
work was brought to the welder. A complete description of this 
welder is found in a paper by Mr. H. M. Hobart, entitled “Welding 
Mild Steel,” and presented before the American Institute of Elec- 
trical Engineers in New York, February 20, 1919. 
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During the latter part of 1918, two portable spot welders were 
built for the Brooklyn Navy Yard. They were designed to be sus- 
pended from a crane, and could be operated horizontally, vertically, 
or at any desired angle. 

A fairly wide use has been made of spot welding for several 
years in the manufacture of metal lath, and steel reinforcements 





Fig. 8—One of the Main End Sheets. The Bath Tub Section Stiffener 
Across the Center of the Sheet was Spot-Welded in Place as Well as 
the Top Chord Angle 
for cement and concrete work. One of the large manufacturers 
of this class of material is the Albert Oliver & Son Company of 
New York City. 

One of the latest uses of spot welding is in the manufacture 
of a patented steel joist for fireproof buildings made from three 
separate members—two angle irons 3 in. x 3 in. x 3% in. thick for the 
top and bottom members, and a 1 in. x % in. bar with 90 deg. 
staggering forming a skeleton web and spot welded successively 
at top and bottom. 

Still another type of joist is made in a similar manner, but 
uses 6 in. x 4 in. channel iron for the top and bottom members, 
and a 2 in. x 4 in. staggered bar. The readings taken when weld- 
ing these joists are shown in the following table No. 1. 


TABLE No. 1 


No Time Approx. 
Pri. Pri. Load in Power Pressure Lbs. 
Type Volts Amps. KVA. KW. Sec. V. Seconds Factor Per Sq. In. 
Angle..... 352 220 78.0 68.0 6.1 1.0 873% 7,100 
Angle..... 348 240 84. 68.0 6.1 1.0 81% 7,100 


Channel... 360 220 79.3 64.0 6.1 1.2 81% 7,100 


The following drawings, Figures 13 and 14, will serve to illus- 
trate the general structure of these joists. 
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There were formerly four principal reasons why spot welding 
had not been employed in large structural work such as steel build- 
ing frames, bridges and ships. 

First. The reactionary reason that this type of construction 
had always been riveted, and therefore, that was the only way. 


Fig. 9—Grating Constructed on 
Spot-Welding Machine 

Second. No definite data existed regarding power requirements 
—whether the maximum demand, or the cost, would make pro- 
hibitive the use of spot welding for such large members. 

Third. No one had ever built such large spot welders, because 
there had never been a demand for them. 

Fourth. It was believed that the enormous pressure of from 
30 to 60 tons necessary to press ship plates, steel girders, etc., 
into actual contact, and to consummate a spot weld, could not be 
carried by copper electrodes—copper being the only known sub- 


stance at that time that would carry sufficient current to heat 
the spot. 


Fig. 10—Steel Plate Reinforced by Spot-Welding 
an Angle Iron to it 

Now, however, these four principal reasons for not adopting 
spot welding for large structures no longer exist. 

First. Architects, engineers and contractors are now willing 
to adopt any method that will save them time and money, and the 
insurance companies, National Inspection Boards, and railroad 
and steamship officials have recognized and approved the spot 
welding process in many instances. 
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Second. Definite data now exist regarding the power demand, 
and showing the saving in cost of labor and material by the use 
of the spot welding process. 
Third. Large spot welders have been and can be built with 
high power factor and efficiency, and of either stationary or port- 
able type. 





Fig. 11—View of Duplex Electric Welder 
Having a Reach of 6 Ft. Welds Two 
Spots at a Time 





Fig. 12—Side View of Above 


Fourth. A new method is now available to take care of the 
enormous currents and pressures impressed on large spot welders 
which were formerly considered prohibitive. 

There would be two distinct types of spot welder required for 
general structural use—a stationary type, which would be best 
adapted for all inside work, such as the manufacture of fabricated 
steel buildings, bridges, etc., and a portable type handled by a 
crane for outside construction and erection. 

There is another field for spot welding in connection with marine 
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work and salvaging that offers considerable possibilities. It is 
the ability to spot weld under water—either fresh or salt. In 
1919, considerable experimenting was done along this line in con- 
nection with a project to salvage ships sunk during the war, which 
demonstrated that just as strong spots could be welded under 
water as in air. It requires an especially designed welder, or at 
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Figs. 13 and 14—Steel Joists 








least special adaptations on a standard type of welder to make it 
suitable for under-water operation. 

It should be noted that while the best spot welders of ten years 
ago had a power factor on 60 cycle circuit of from 60 to 66 per 
cent and the poorer ones had power factors around 35 per cent, 
it is now possible to design and build spot welders having power 
factors all the way from 80 per cent to 98 per cent on 60 cycles, 
and even a higher average on 25 cycles. These improved power 
factors help out the power situation enormously, and have a ten- 
dency to circumvent one of the principal objections of the power 
companies to the spot welder load. It is apparent that the maxi- 
mum demand of the present spot welder would be less than ha!f 
that of the old low power factor type. 

The most extensive and convincing series of tests ever made on 
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large structural members, so far as we know, was carried on by 
Mr. L. B. Tuckerman, Engineer Physicist, Bureau of Standards. 
Mr. Tuckerman’s paper, among other things, states in effect as 
follows: 

Forty-two tensile specimens, 6 girders and 6 columns represent- 
ing similarly made riveted and welded members were tested to 
destruction. The riveted members were furnished by the Ameri- 
can Bridge Company, all rivets being 5% in. in diameter and the 
punched holes 11/16 in. diameter. 

Ultimate Strength Tests. Ultimate strength tests on the two 
sets of specimens showed a ratio of 1.15 in favor of the welded 
specimens. 

Yield Point at Joint. This showed an average of 0.68 for riveted 
joints and 0.80 for welded joints, or a ratio of 1.17 in favor of 
welded joints. 

Elongation at Joint. The average ultimate elongation was 0.240 
in. for riveted and 0.219 in. for welded joints, which indicates that 
at rupture a riveted joint undergoes greater deformation than a 
welded joint. 

Elongation Tests. These showed a ratio of more than unity in 
favor of the welded specimens. 

Ultimate Strength and Proportional Limit. The ultimate 
strength of welded and riveted girders is practically the same. 

Deflection. The ratio between vertical deflection at the center 
and the applied load up to the proportional limit was approximately 
the same for both types of construction. 


COLUMNS: 


Ultimate Strength. The ultimate strength of the welded column 
is lower than for the riveted column. The average ratio is 0.87. 

Mr. Tuckerman’s conclusions are as follows: 

1. The welded joints tested in tension at higher ultimate strength 
than the riveted joints. 

2. No appreciable difference was noted between the strength 
of the riveted and welded girders. 

3. The welded girders were more flexible than the riveted, the 
apparent modulus of elasticity in cross bending averaging 514 per 
cent lower. 

4. The welded columns averaged 13 per cent weaker than the 
riveted columns. This difference may have been due to their 
greater flexibility. These columns could be stiffened by using 
larger welds or spacing them more closely. 

5. _As the strength of these welded and riveted members did 
not differ greatly, it is possible that spot welding may successfully 
replace riveting for structures fabricated from rolled steel, pro- 
viding the cost of welding is not prohibitive. 

We confidently believe that within the next decade the use of 
spot welding will have gone a long way toward replacing riveting 
and bolting in all large structural enterprises. 





Use of Electric Are for Welding 
Structural Steel* 


R. E. KINKEAD+ 


Manufacturing in the metal working industries is largely a 
problem of fastening pieces of metal together, whether the finished 
product be a locomotive, bridge, aeroplane or automobile. Rivet- 
ing pieces of metal together is a method as ancient as the history 
of the Mechanical Arts. The use of the threaded bolt was a 
development of medieval times. The use of soldering and brazing 
was known in the halcyon days of the Roman Empire. 

Fusion welding is relatively such a new development as to have 
no standing whatever in history. Yet it appears possible in the 
light of achievements in the last twenty years that the whole of 
the Mechanical Arts must be revolutionized in view of the new 
development. 

If this period in our civilization could be identified by a symbol, 
that symbol would be a Question Mark. Practical men of science 
are overhauling all of their practices and customs, and inquiring 
why we do this, why we do that and whether or not a better way 
may be developed. 

The practice of riveting structural steel together has not escaped 
the searching inquiry in this direction on the part of the practical 
man of science. The point has been reached at which we inquire 
why it is necessary to punch a beam or column section full of holes 
in order to assemble it; why is it necessary to use from 30 per cent 
to 50 per cent more material to get the same strength due to the 
fact that we have punched the material full of holes? We are 
inquiring whether or not the fundamental difficulty of the riveted 
joints, namely, that the rivets work loose, may not be eliminated 
by a different and better method of fastening the pieces of metal 
together. 

We cannot expect to answer that it has always been done that 
way and therefore that is the best way to do it. 

On the average, we do know that structural steel pieces may be 
welded together at about one-third the labor expenditure involved 
in riveting them together and we must answer the question which 
is squarely up to this industry at the present time: “Why can’t 
we weld the structural steel members together and save money?” 
There is no escape from that question. We must either do the 
job or give a satisfactory and conclusive answer as to why it can’t 
be done. 

In line with the philosophy of that incomparable engineer, C. F. 
Kettering, President, General Motors Research Corporation, “A 


*To be presented at the Fall Meeting, A. W. S., Cleveland, Oct., 1924. 
+ Engineer Arc Welding, Lincoln Electric Co. 
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problem thoroughly understood is partially solved.” One of the 
difficulties with riveted joints is that the rivets work loose. It 
is interesting to speculate upon what makes rivets work loose. We 
have reproduced the riveted joint in rubber and studied the flexure 
in that material with the end in view of answering that question. 
What we have done in taking rubber as the material in this case 
is merely to decrease the modulus of elasticity. We have increased 
the deformation under stress to the point where it is no longer 
necessary to measure it with micrometers—we can see it with the 
naked eye. All of the conditions remain the same for practical 
purposes with the exception of deformation under stress. Upon 
the application of the stress to the riveted joint fabricated of 
rubber, we see clearly some of the things that happen in a riveted 
steel joint. In the first place, owing to the reduced section of 
material due to the punching of rivet holes, deformation through 
the reduced section is greater than the deformation through the 
original section and we may safely assume that the deformation is 
inversely proportional to the section. This deformation occurs in 
three dimensions: the length, breadth and thickness of the section 
which has been pierced by riveted holes have all changed. The 
rivet experiences some deformation and wear on its surface due 
to the movement of the pieces joined. It is at once evident from 
this study that under stress the rivet does not fill the rivet hole, 
regardless of how completely the rivet filled the rivet hole under 
no load conditions. 


This would appear to lead us in the direction of the solution of 
the problem as to why rivets work loose. If the rivet doesn’t fill 
the rivet hole under load conditions, it is reasonably certain that 
water or atmospheric moisture will get between the rivet and the 
rivet hole and that eventual loosening of the rivet will occur in 
the same manner as freezing water causes failure in a concrete 
street or sidewalk. 

On a static load, it would be reasonable to expect that a much 
longer time would be required to work a rivet entirely loose than 
in the case of a live load, for the same reason that rapid freezing 
and thawing will destroy a concrete sidewalk or road in much 
less time than occasional freezing and thawing. We may perhaps 
safely assume that the period during which the rivet remains tight 
is inversely proportional to the number of -applications of live 
load. The matter of fatigue of metal bears on this subject also, 
if the load on the riveted joint is more than the designer calculated 
it to be. If the riveted joint is subjected to a live load stress on 
the material which has been pierced by rivet holes beyond the true 
elastic limit of the material, the rivet will become loose due to 
the permanent deformation of the rivet hole by fatigue. 

_ The human factors which enter into the fabrication of riveted 
joints are important. In the above discussion, we have considered 
the fundamentals which enter into the problem of determining 
what makes a perfect rivet work loose, and all rivets are not per- 
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fect, a fact to which any rivet inspector will enthusiastically sub- 
scribe. The reasons why rivets are not perfect are as follows: 

First—Rivet not driven tight. 

Second—Rivets overheated. 

Third—Rivet holes not properly reamed. 

Fourth—Rivets not driven in line with the axis of the center 
line through the head. 

It seems to be universally agreed among rivet experts that you 
can’t tell what the strength of a riveted joint is unless you have 
seen the joint made and inspected it after it has been made. 

The above described problems in connection with riveting prac- 
tice are very real and millions of dollars are expended every year 
maintaining structures on which the rivets work loose. 

If we are to answer the question: “Why can’t structural mem- 
bers be welded together?” we will have to answer that we don’t 
know of any good reason why the job can’t be done. The next 
question we would be asked would be: “If you don’t know why 
it can’t be done, why don’t you find out?” That is exactly the situ- 
ation in the industry at the present time. 

In pursuit of our problems we are led naturally to the question 
of what makes welds fail. Unlike the case of riveting, the weld 
does not work loose, then fail. It fails without loosening. It may 
be safely stated that the only reason any weld designed for a par- 
ticular service fails is that we did not know how to design the 
welded joint to carry its load without failure, and that is the 
gist of the whole problem in connection with the welding of struc- 
tural steel. We know something of the limitations of the welded 
joint. Enough, we believe, to solve any question of design of a 
joint for a particular service. If we fail to observe the limitations 
of a welded joint, it will fail as surely as water will run down 
hill, and for the same reason, namely, obedience to natural law. 
The limitations of the welded joint are: 

First—It has no reliable degree of ductility. 

Second—The application of heat to the hot rolled steel to make 
the weld results in cast metal adjacent to the line of fusion in the 
hot rolled metal. 

This cast metal does not have the same degree of ductility as the 
original hot rolled section. There is no method with which we 
are familiar at the present time by which we can avoid changing 
the metal in the hot rolled section adjacent to the line of fusion 
into cast metal. With these limitations in mind the joint may be 
designed which will withstand practically any stress ever en- 
countered in the fabrication of structural steel. There are details 
and ramifications in the applications of these fundamental welding 
principles with which as yet we are not familiar. The facts are 
there and it is only a question of our ability to see them. One 
of our principal difficulties has been that in the welding industry 
we have had no experience in figuring structural steel jobs and 
we could not go out of the welding field for information and coop- 
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eration for the reason that all of the riveting experts have agreed 
that the job cannot be done. But as is usual in such cases, their 
chorus: “It can’t be done” has been rudely interrupted by men 
such as Mr. Macomber of the Massillon Steel Joist, Mr. Field of 
the Baltimore & Ohio Terminal Railroad, F. R. Patch Company, 
Rutland, Vt., and many others who are doing it. 

Our answer to the question: “Why can’t structural steel mem- 
bers be welded together?” is that there is no reason other than 
our regretable ignorance and lack of physical conception of what 
happens when a load is applied to a structural steel beam or col- 
umn. It is a relatively short step to that knowledge and under- 
standing which we will make as soon as limited mental capacity 
and other intellectual inertia can be overcome. 


Welded Ship Completely Water-tight* 


The first ship constructed entirely under the welding system has 
proved in actual experience that this class of vessel stands the 
test of stranding, and advocates of the welded ship have every 
reason to congratulate themselves on the success which has at- 
tended the steamship Caria, built by Messrs. Camell Laird & Co., 
on the welded system in 1920. The Caria is at present in Messrs. 
Camell Laird’s yards at Birkenhead, and has been inspected in her 
damaged condition by some of the most eminent naval architects 
and shipbuilding officials of the country, who are delighted with 
her condition after the test through which she passed on the occa- 
sion of her stranding. 


Story of the Stranding 


The Caria, a steel screw steamer of 398 tons gross register and 
185 tons net register, owned by the Manx Isles Steamship Co., 
Ltd. (Messrs. Lowden, Connell & Co., managers of Liverpool), 
was on a voyage from the Manchester Ship Canal to Belfast with 
a full cargo when, unfortunately, she struck one of the sand banks 
in the upper reaches of the Mersey. She remained fast on the bank 
during the ebb tide and at low water strained herself considerably, 
but owing to her particular type of build, and the fact that there 
were no rivets in her, she remained absolutely water-tight during 
the whole of the period, although a considerable part of her length 
at the bilges was partly set up to the extent of about 14 or 15 feet. 

On the next rising tide she was floated off, and after being 
sounded it was found that she was perfectly water-tight, and she 
proceeded on her voyage to Belfast, where her cargo was dis- 
charged in excellent condition. After the discharge of the cargo 
she was again thoroughly examined, and still found to be water- 
tight. It was, therefore, decided that she should return to the 


*Reprinted from Journal of Commerce, July 17, 1924. 
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Mersey, but as a precaution a salvage pump was placed on board 
in case of necessity. 

She duly arrived back in Liverpool, the salvage pump not having 
been required. The Caria subsequently entered Messrs. Cammell 
Laird’s yard at Birkenhead, and was dry docked on the following 
day. A thorough examination was then made of the whole length 
of the ship, and it was found that there was not a single break in 
the hull, although, as already stated, she was badly set up. 

If the Caria had been of the riveted class doubtless the rivets 
would have been opened up and sheared, and it is doubtful whether 
they would have been able to get her off the bank, as the seams 
would have opened up and the water would have entered the vessel. 
In any case, she could certainly not have continued her voyage to 
Belfast. 

This severe test through which the Caria passed demonstrated 
very effectively the triumph of the welded ship. 


An All Welded Steel Building* 
J. W. TURNER} 


The General Boilers Co. has been a pioneer in applying scientific 
engineering principles to the art of welding. In their plant arc 
welding has been applied to many processes other than to the con- 
struction of boilers. They recognized the adaptability of arc weld- 
ing to the construction of structural buildings, and have built 
several steel buildings, using the electric arc to the exclusion of 
rivets. 

Figs. 1 and 2 apply to either of two buildings, one 25 ft. by 85 
ft. and one 25 ft. by 50 ft., which were constructed as part of their 
boiler plant during the latter part of 1923. Both buildings are 
single story, 11 ft. high at the eaves, and are used for manufactur- 
ing purposes. 

The chief advantages in this method of construction are: 

1. Makes detailing easier 

2. Makes fabrication cheaper 
3. Eliminates some members 
4. Makes for greater flexibility 
5. Makes for cheaper erection. 


The detailing is easier, as there are no rivet holes to spot and 
no gusset plates or other connecting members to lay out. When 
the members are layed out in their proper relation and with the 
proper strength the design is complete. 

The fabrication is cheaper because there are no holes to spot or 
punch. The members are simply cut to shape and marked. 

When using welding it is possible to eliminate many gussets, clip 





*To be presented at Fall Meeting, A. W. S., Cleveland, October, 1924. 


tEngineer, General Boilers Co. 
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angles, etc. The parts of the structure may be fastened at any 
angle with each other without the use of screwed members. 

The welding method allows greater flexibility during construc- 
tion. Any changes or additions may be made with no more trouble 
than regular work, because there is no laying out and drilling or 
punching in the field. 
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The erection costs are lower in that it takes only a few seconds 
to tack a member in place, there is no need for “drift pins,” and 
there is less probability of a member not fitting. A welding crew 


follows immediately after the erection gang and finishes the weld- 
ing as the work is erected. 
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Everything, including the steel sash, is welded in place. 
The materials used are regular structural shapes, flats, Armco 
sheets, pipe and steel sash. 
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Fig. 2 


The joints are either butt or lap, with no scarfing or other special 
preparation. The amount of welding is calculated to give the re- 
quired strength of joint, depending on whether the joint is in shear, 
torsion, tension, bending, or a combination of stresses, and whether 
vibration may be expected. The tensile strength of a weld is cal- 
culated at 28,000 pounds per square inch ultimate, and the factor 
of safety depends on the amount and type of stress. 

The material is assembled in the field in place. The assembly 
is supervised by a competent engineer and the inspection is made 
as the assembly progresses. One of the unique features of this 
type of building is the elimination of heavy footings. By the special 
design the combination of sill channels, posts, caps and sheets 
makes a rigid truss, and the building becomes one integral unit, 
which cannot get out of shape or sag, due to the setting of any 
part of the foundation. The sides are laid in gravel to minimize 
corrosion. 

The buildings described are additions to one of their factory 
buildings. The labor and supervision cost on these buildings was 
about $1.90 per 100 pounds, or $2.20 per 100 cubic feet inclosure. 
The total cost of the buildings was about $6.55 per 100 pounds, or 
$7.55 per cubic feet. 
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Welding as a Method of Fabricating 


Large Structures* 
H. GOLDMARK+, W. SPRARAGENt} AND W. L. WARNER*}7 


The various processes of fusion welding have received the 
especial attention of engineers throughout the world during the 
past five or six years. This attention has been necessitated by 
high costs of materials, delays in replacement of parts and in some 
cases the need for a superior product. 

It was natural that the first uses of welding should be in places 
where no other method could be used, as for example in the repair 
of broken and damaged machine parts, repair of blow holes in 
faulty castings, building up of incorrectly machined or worn sur- 
faces. Long delays in getting new parts and high replacement 
values made it absolutely necessary for engineers to give welding 
a tryout even though in some cases they did not have very much 
confidence in welding or were entirely unfamiliar with it. 

The applications of welding rapidly doubied and trebled, but 
this increased use was also accompanied by some evils. Good weld- 
ing requires proper materials, apparatus, methods and workmen. 
Certain scientific principles must be recognized if good results are 
to be obtained. Unfortunately, through ignorance or lack of re- 
sponsibility some bad welding was done which has caused engineers 
to be cautious in specifying its use. 

In special cases the advantages of welding in producing oil, 
water and gas-tight construction led to its use as a means of fabri- 
cating tanks, pipe lines, vessels and containers of all descriptions. 
Where methods were standardized remarkable savings and superi- 
ority of product were soon apparent as compared with similar 
riveted structures. Moreover, if properly done a welded joint 
could be made equa! to the strength of the original material, 
whereas the riveted and caulked joints leaked below. 50 per cent 
of their ultimate tensile strength, and sometimes as low as 25 
per cent. 


Welding versus Riveting in Structural Work 


Unless, of course, it is possible to show advantages in using 
welding as compared with riveting in the fabrication of large 
structures, it is hardly to be expected that engineers and builders 
will abandon their present methods of riveting which have been 
found to give satisfactory results in service. 

The many advantages of welding are well known to those who 
have been intimately associated with welding developments during 
the past few years. These people are, therefore, surprised that 





*To be presented at the Fall Meeting, A. W. S., Cleveland, Oct., 1924. 
TConsulting Engineer. 

t#Secretary, American Bureau of Welding. 

tttindustrial Engineering Department, General Electric Co 
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other engineers do not understand these advantages and possibili- 
ties. In some cases where the welding process is understood, there 
is considerable apprehension at the thought of abandoning present 
old and tried methods for something new. Also the question of 
scrapping machinery and equipment which have required large 
outlays of money is of considerable importance to the executive. 
The two methods are radically different as to manufacturing 
processes. For example, the following steps are necessary in 
riveting a building or bridge: 
. Design. : 
. Making the drawings. 
. Making templets. 
. Marking steel. 
. Punching or drilling holes. 
. Assembling. 
. Riveting. 
. Painting in the shop. 
. Erection. 
10. Painting in the field. 


Let us compare the steps involved in erecting the same bridge 
or building by welding, in which case they would be: 


1. Design. 

2. Making the drawings. (Much simpler as compared to rivet- 
ing where each rivet must be shown). 

3. Preparing material to be welded. (In some instances this 
requires beveling of plates, in others removal of rust, and in still 
others no preparation at all). 

4. Erection. 

5. Painting in the field. 


These differences in methods of fabricating result in several 
inherent advantages in favor of the welding process. 


Saving in Weights 


Data from existing examples of this type of construction show 
that a saving of from 15 to 25 per cent in weight can be secured. 
The welded joint may easily be made as strong as the parts them- 
selves while the corresponding riveted joint is rarely equal to 75 
per cent of the strength of the parts. Moreover this saving in 
weight and increased efficiency can be secured by proper welding, 
and even the weight and cost of the rivets is very little less than 
the weight and cost of the welding wire. 

The elastic features of the welding process commend it to this 
class of work especially. Sometimes the welded joint may neces- 
sarily be so situated that the weld as laid out by the draughtsman 
cannot be completely made, due to interference by other members, 
etc. In that case the weld may be shifted somewhat or an extra 
plate added without any appreciable delay or increased weight 
and cost. With a riveted member considerable time and cost 
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would be necessitated in preparing an additional gusset plate and 
riveting it. 
Simpler Drawings Required 

With the riveted type of steel structure each rivet must be clearly 
indicated on the drawings, both with regard to size and position. 
Considerable attention must be given to laying out the joints 
so that the members will fit snugly together and yet allow proper 
clearance for driving rivets. Very often the expense of making 
these drawings is an appreciable part of the total cost. The draw- 
ings for a welded structure are much simpler as all rivets are 
eliminated and there are fewer details at the joints. 

3. Elimination of Certain Steps. The following steps necessary 
in the shop for the riveted construction are eliminated when the 
welding processes are used: making templets, marking steel, 
punching or drilling holes and painting. 

4. Accurate Alignment Not Necessary. In welding, parts 
need not be aligned as accurately as in riveting. In the latter 
case it is frequently found that because of inaccuracies of work- 
manship, holes do not come exactly opposite, but by driving a 
drift pin the holes are more nearly brought in line and then reamed 
to get a smoother and larger hole before a rivet is driven. The 
piece to be riveted must be moved around in order to bring the 
rivet in the proper position in the riveting machine, or else the 
riveter is portable for use on heavy work and is so arranged that 
it could be moved about as the rivets are driven. 

In outside construction the alignment of rivet holes and the 
driving of rivets is a slower and more tedious job. Perfect align- 
ment is necessary before the rivets can be driven. With welded 
construction the members can be fitted in place and considerable 
freedom is allowed for making joints. If the piece being placed is 
too long an oxy-acetylene torch may be brought into play and the 
joint made. Often times members and plates may be cut to size 
with the oxy-acetylene torch and the parts welded together. The 
freedom allowed by the use of the process is one great advantage. 

5. Elimination of Noise. The elimination of the noise of rivet- 
ing may not seem of any consequence to the contractor, but un- 
doubtedly he would be happier if his job could be quieter. The 
elimination of this noise is of the greatest importance to the pub- 
lic, especially in the big cities. Anyone who has been for a time 
in the proximity of a job where riveting was being done can 
appreciate the value of eliminating the noise and racket. 

6. Saving in Freight and Handling. Because of the lesser weight 
of the material involved, freight and cartage charges will be con- 
siderably less. 

_ 1. Superiority of Product. Where oil, water or gas tightness 
is required the superiority of a welded product which is tight up 
to its ultimate strength commends itself as compared to a riveted 


structure which is only tight up to 50 per cent of its ultimate 
strength. 
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“Once tight always tight.” That’s the secret of good welding. 
In any steel structure there occurs inevitably a certain amount 
of movement due to impact of wind, expansion and contraction, 
etc. Riveted joints sometimes loosen slightly due to these forces, 
and in time unless repaired there will be trouble. A welded joint 
is solid and no movement can take place. The various members 
become in reality parts of each other and together make one inte- 
gral whole. 

8. Economies. A combination of all these factors makes it pos- 
sible with the use of welding to produce a structure which is 
cheaper and better than the ones constructed by riveting. The 


Fig. 1—Method Employed to Measure Modulus of Elasticity in English Tests 


designing is more easily and quickly done. The only shop work 
required is that for cutting gusset plates and members to the 
proper size. Assembly and erection are more easily and quickly 
done and there are few possibilities of delay caused by errors in 
laying out. The savings may amount to from 10 to 25 per cent 
of the total cost. 


The Use of Welding As a Substitute Method for Fabrication 


Before welding would be specified, structural engineers must 
be convinced that it is entirely safe for the purpose at hand. 

Two kinds of tests are needed. Results obtained (1) in service 
from structures fabricated by the welding processes and (2) from 
laboratory tests where stresses will be introduced in specimens 
of the nature most likely to be met in service. 

In England, on behalf of Lloyd’s Register of Shipping, a number 
of large size specimens were welded. Specimens were machined 
to give a vee groove having a 60° opening the full depth of th: 
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plate. The welding was done in a horizontal position from the 
upper surface. It was found that the welding had completely 
penetrated the plates, no welding on the reverse side being neces- 
sary. The excess of weld was not trimmed off, except in a few 
cases, but was left rough as finished by the workmen, the weld 
being slightly above the surface of the plate to about the same 
extent as the point of an ordinary countersunk rivet. 


Results of English Tests 


Note: These English tests are so important that the conclu- 
sions derived from these tests are reproduced below. Complete 
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Fig. 2—Sketch Showing Positions of Readings 
in Measuring Modulus of Elasticity 


test results and description of specimens are included in a paper 
presented by Mr. W. S. Abell on application of Electric Welding 
to Large Structures, published before the Institution of Civil 
Engineers.—1921. 


1. Modulus of Elasticity and Approximate Elastic Limit 


(a) In the welded plate the extensions in the region of the 
weld are sensibly the same as for more distant portions of the 
unwelded plate. (See Figs. 1 and 2.) 

(b) With small welded specimens containing an appreciable 
proportion of welded material in the cross-sectional area, the rela- 
tion between extension and stress is practically the same, up to 
the elastic limit, as for similar unwelded material. 

(c) The elastic limit (or the limiting stress beyond which 
extension is not approximately directly proportional to stress) 
appears to be slightly higher in welded than in unwelded material. 

(d) The modulus of elasticity of a small test-piece, entirely 
composed of material of the weld, was about 11,700 tons per square 
inch, as compared with about 13,500 tons for mild steel and about 
12,500 tons for wrought iron. 


2. Ultimate Strength and Ultimate Elongation. 


(a) The ultimate strength of welded material with small speci- 
mens was more than 100 per cent of the strength of the unwelded 
steel plate for thicknesses of 14 inch, and averaged 90 per cent 
for plates 34 and 1 inch in thickness. 

(b) Up to the point of fracture the extensions of the welded 





82 JOURNAL OF THE A. W. 8S. [October 


specimens are not sensibly different from those of similar unwelded 
material. 

(c) At stresses greater than the elastic limit the welded mate- 
rial is less ductile than mild steel, and the ultimate elongation of 
a welded specimen, when measured on a length of 8 inches, aver- 


ages only about 10 per cent, as compared with 25 to 30 per cent 
for mild steel. 


3. Strength of Welds (Large Specimens) 


(a) Butt Welds have a tensile strength varying from 90 to 95 
per cent of the tensile strength of the unwelded plate. 
(b) Lap Welds. 

(1) With full fillets on both edges the ultimate strength in 
tension varies from 70 to 80 per cent of that of the 
unwelded material. 

(2) With a full fillet on one edge and a single run of weld 
on the other edge the results are very little inferior to 
those where a full fillet is provided for both edges. 

(c) Riveted Lap Joints.—For plates of about 14-inch in thick- 
ness, the specimens averaged about 65 to 70 per cent of the 
strength of the unperforated plate. 


4. Alternating Stresses 


(a) Rotating Specimens (round bar). 
(1) Unwelded turned bars will withstand a very large num- 


ber of repetitions of stress (exceeding, say, five millions) 
when the range of stress is not greater than from 10% 
tons per square inch tension to 1014 tons per square inch 
compression. 

(2) Welded bars similarly tested will fail at about the same 
number of repetitions when the range of stress does not 
exceed + 61% tons per square inch. 

(b) Stationary Test Pieces (flat plate). 

(1) Butt-Welded specimens will withstand for a large num- 
ber of repetitions about 70 per cent of the stress which 
can be borne by an unwelded plate. 

(2) Lap-welded* plates can endure for a large number of 
repetitions about 60 per cent of the stress which can be 
withstood by a lap-riveted specimen. 


5. Minor Tests 


(a) Welded specimens are not capable of being bent (without 
fracture) over the prescribed radius to more than about 80 deg. 
with 14-in. plate, reducing to some 20 deg. where the thickness 


*Note—The conclusions drawn as to the relative merits of lap welded and lap 
riveted seams in resisting alternating stresses are in the opinion of the authors not 
justified. It seems that the British investigators used a type of machine which gave 
a certain deflectii a for a particular test. It does not necessarily follow, however, 
that the forces ni sessary to cause this deflection would be the same for the lap welded 
and the lap riveted joints. In fact it is well known that the welded joints are the 
stiffer of the two and therefore a considerable additional force must have been required 
to cause the same deflection in the welded joint. This is particularly true after there 
was some giving in the rivets. 
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is 1 in. Unwelded material under the same conditions can be 
bent through 180 deg. 

(b) Welded plates can withstand impact with a considerable 
degree of success; a 1-in. plate of dimensions already quoted sus- 
tained two successive blows of 4 cwt. dropped through 12 ft., 


Fig. 3—Electrically Welded Box Constructed for Ex- 

perimental Purposes for the Electric Welding Committe 

of the Emergency Fleet Corporation. Box Under a 

Hydrostatic Pressure Test of 40 Lb. Per Sq. In Note 
Bulging of Plates 


giving a deflection of 12 in. on a length of about 4 ft. 6 in., without 
any signs of fracture in the weld. 


6. Chemical and Microscopic Analysis 


(a) Chemical Analysis. 

(1) The electrode was practically identical with mild steel, 
but there was a higher percentage of silicon. 

(2) The material of the weld after deposition was ascer- 
tained to be practically pure iron, the various other 
contents being carbon 0.03, silicon 0.02, phosphorus 
0.02 and manganese 0.04 per cent respectively. 

(b) Microscopic Examination. 

(1) The material of the weld is practically pure iron. 

(2) The local influence of heat does not appear to affect 
largely the surrounding material, the structure not being 
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much disturbed at about 1/16-in. from the edge of the 
weld. The amount of disturbance is still less in thin 
plates. 

(3) The weld bears little evidence, if any, of the occurrence 
of oxidation. 

(4) With welds made as for these experiments, i.e., with 
flat horizontal welding, a sound junction is obtained be- 
tween the plates and the welding material. 


Welded Steel Box for Emergency Fleet Corporation 


The following interesting results were obtained on a large steel 
box, 12 ft. x 9 ft. x 10 ft., made of 14-in. tank steel plate for the in- 
formation of the Electric Welding Committee of the Emergency 
Fleet Corporation. 

The principal data to be obtained from the construction and 
testing of this box were: 

(1) Could a structure of this character be built close to 
drawing dimensions and without excessive distortion of 
the plates and parts? 

(2) Would the structure be strong and capable of with- 
standing severe shocks and distortions without serious 
ruptures? 

(3) What would be the detail costs and time required to 
build such a structure? 

The entire box was electrically arc welded, no rivets being used 
in its construction. The welded joints are neat and attractive in 
appearance, and the substantial character ofthe work is revealed 
in Fig. 3, which is a photograph taken during the severe tests im- 
posed upon the box. The box was subjected to alternate applica- 
tions of 15-lb. internal hydrostatic pressure and 22-in. vacuum 
more than 200 times and did not develop any serious leaks or fail- 
ures in the welds. These results show that the condition (2) is 
satisfied to a considerable degree. 

The cost of work done on the box was as follows: 


Cet aE Wn Bi a ae oe be Eh RS ON $151.28 
Fabricating and assembling.............. 157.94 
Sl! A or eek eee 50.00 
UU Pa os occ cas st wv ee bcteeade 30.00 
EE a. so Ks Ca Movies « fave bepenenele 651.30 
I iin oe nla, de hbae kee $1,040.52 


Tests on Arc Welded Roof Truss 


Mr. H. L. Unland in a paper presented before the Society of 
Engineers of Eastern Pennsylvania in 1921 describes a test which 
was made on the roof trusses for a factory building in Brooklyn 
by the Bureau of Buildings of the City of New York in 1920. 
See Fig. 4. This building was completely arc welded as an ex- 
periment by the Electric Welding Company of America, 

















1924} FABRICATING LARGE STRUCTURES 35 
The trusses are of the “Fan” type of design and all members 
are electrically welded together, no bolts or rivets being used. 
See Figs. 5 and 6. 
The objeét of the test was to demonstrate whether electric weld- 
ing was a@.suitable method of uniting structural steel] members and 
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Fig. 4. Roof Trusses Electrically Welded Throughout for Factory Building 
Being Tested by Department of Buildings, City of New York 


also the reliability of the arc welded parts as compared with 
riveting. As the angle of the truss or roof was greater than 20 
deg., the live load prescribed by the Building Code was 30 Ib. 
per square foot of horizontal plane. As the trusses were intended 
to be set on 30 ft. centers the roof area to be supported was 800 
sq. ft. By doubling the live load, the stress in the members of 
the truss would closely approach the elastic limit of the material. 

The load applied was 60 lb. to the square foot or 48,000 lb. 
per truss. As it was necessary to set up two (2) trusses to 
balance the load, this load was doubled or 96,000 lb. total was 
used. The trusses were set up on H section columns laid under 
the ends of the trusses in a horizontal position on the top of a 
plank to distribute the load over considerable area. 

The roof purlins were 3 in. x 10 in. spruce and were doubled to 
carry the load. The planking under the load was also of the 
same material. The two loads were concentrated over an area 
of about 5 ft. in width at each truss. The load consisted of 
roofing gravel in bags which averaged 55 lb. to the bag. These 
bags were piled in tiers. Readings were taken at different 
increments of the loading for the deflection in the truss or mem- 
bers, and as a whole, these were checked each time from a bench 
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mark. The instrument used was an engineer’s Y-level and target 
rod divided in feet and tenths. 

It is interesting to note that the maximum actual deflection of 
any part of the truss under full load was 9/16 in. at the center of 
the span. The load was allowed to remain on the trusses for 48 





Fig. 5—Side View of Supporting Bracket for Crane Runway Electrically Welded 
to Column of Structural Steel Work 


hours with no increase of deflection and then it was totally re- 
moved and readings taken. These latter readings showed that 
all points in the truss had returned to their original position leav- 
ing no permanent deflection with the exception of the center which 
showed a deflection of 1/16 in. 

The report goes on to state further “From the above data, it is 
evident that electric welding is a dependable method of uniting 
structural members and is stiffer than riveting, if the work is 
properly performed. 

Prior to the test as above, we had a sample of welding on a lap 
weld of 114 in. x % in. bars, the ends being lapped 134 in. and 
welded across the edges. This weld was put in the machine in 
direct tension and developed the full strength of the bar. The 
break occurred in the bar 3 in. above the weld and developed a 
strength equal to 60,000 lb. per square inch without affecting the 
weld. These welds when cut across showed no line or markation 
between the weld metal and the original bar metal. 

Another specimen consisted of two (2) angles (2 in. x 3 in. 
x 3 in.) set at right angles and lap welded at the intersection, 
with the 3-in. legs vertical. This specimen, which was set in 
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the testing machine so that there was a horizontal lever arm of 
8 in. from the center of pressure to the center of the weld at the 
intersection, developed a beam load of 11,375 lb. at the weld or a 
torsional stress of 91,000 lb. at the weld with no apparent distress 
to the weld, the angles buckling to such an extent that they failed 
to resist pressure. 





Fig. 6—Roof Trusses Electrically Welded Throughout for Factory Buildings 
Being Tested by Department of Buildings, City of New York 


Mr. Unland further remarks: “This structure was intended to 
carry very heavy loads and from the illustrations, showing the 
welded joints (Figs. 4, 5 and 6), entire success would be ex- 
pected. Very little information is available as to the cost of com- 
pleting this structure, but the designer and constructor, Mr. H. B. 
Payne, is certain that, with the experience gained on this structure, 
similar structures could be erected at a much lower cost than if 
riveted construction were used. 

“While it is probable that with proper design and under com- 
petent supervision, skilled welders could successfully put up welded 
structures of any size, we must remember that there is little ex- 
perience as to the design of the joints most suitable for replacing 
riveted joints. Slow progress in making this change is greatly to 
be desired. Experience with smaller structures will furnish a 
safe guide in trying out the larger ones.” 


Shearing Strength of Welds 


Practically all riveted joints depend for their strength upon 
the shearing value of rivets or on the bearing of rivets upon the 
plates connected. If welding is to be substituted for riveting in 
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many places the deposited metal at the weld will be subject to 
shear and therefore considerable data is needed on this subject. 
Some tests were made by Mr. E. S. Humphreys at Union College 
and the results given in a paper printed in May 25, 1922, issue of 























Fig. 7—Two Test Specimens After Being Tested in Shear. Middle and Right 
Pieces are Two Parts of One Broken Specimen. The Left Specimen Shows 
the Shearing of the Bead 


Iron Age. The type of specimens used is illustrated in Fig. 7 
which shows two test specimens after being submitted to a tensile 
test to fracture. Each specimen consisted of two plates joined 
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together by two splice bars in such a manner that deposited metals 
or beads run parallel to the length of the plates and therefore 
parallel to the tensile pull exerted upon these plates with the 
result that the beads are subjected to shear. The shearing strength 
of the deposited metal from a commercial bare electrode was 
found by Mr. Humphreys to be about 36,000 Ib. per square inch. 
From these tests Professor McKibben of Union College has ar- 
rived at certain figures which give the maximum safe load in 
pounds per lineal inch of bead which various sizes of weld beads 
will safely carry with a factor of safety of four. Full informa- 
tion as to the calculations used by Prof. McKibben in designing a 
welded truss is given in. Appendix “A.” 


Joints Specifically Designed for Welding 


Up to the present time most welded structures have not beer care- 
fully proportioned with proper regard for stresses to be carried 
and the strength of the parts necessary to carry them. Little is 
known of safe methods of design for steel structures although 
there are several instances where steel works have been erected 
without rivets, the joints having been put togther by arc weld- 
ing. In most cases this work has been done by designing a 
structure for riveting and then welding the joints wherever pos- 
sible with the electric arc. In this manner welded structures 
have been built which are considerably heavier and stronger than 
is necessary to carry the required loading. 

In a report to the American Bureau of Welding covering the 
“Application of Arc Welding to Ship Construction,” Mr. E. H. 
Ewertz states that it is his belief that substituting welding for 
rivets in a structure designed for using either method is wrong 
as a basic principle. The results derived from welding in such a 
method are at least partially defeated. All of the structural shapes 
such as angle bars, tee bars, zee bars, etc., were designed primarily 
for convenience in riveting. One flange of an angle bar is used 
simply as a means of fastening the other flange in its proper 
position. It is only the outstanding flange that gives stiffness and 
strength to the plate construction and the flange used for fastening 
by rivets is. valuable only for furnishing the place for the rivets 
and does not add to the strength of the structure. 

With this in mind, Mr. Ewertz designed an arc welded ship in 
which all flanges needed in the riveted structure for fastening are 
omitted and in place of angles or other shapes, plates or flat bars 
are used. To produce reinforcement in many places, flanged 
plates are used, but in such cases the flange on the plate performs 
the service of a stiffener. (See Fig. 8.) 

Another important item which the structural engineer who 
considers welding for fabricating should have in mind is the 
design of parts in such a way that most of the welding can be 


performed in the shop and overhead welding eliminated as much 
as possible. 
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Mr. Ewertz goes on further to state that in a ship designed for 
all electric welding, estimates show a saving in weight of structural 
steel material of over 25 per cent as compared with a similar 
design for a riveted ship. The hours of labor for hull construc- 
tion showed a reduction of over 20 per cent. Modified designs 
or designs where either riveting or welding can be used while they 
clearly indicate a saving, show a saving that is naturally propor- 
tionately lower to that obtained in a ship designed for all electric 
welding. 














Fig. 8—Model of Ewertz Type of Electric Arc Welded Vessel 
Carrying 400 Per Cent Overload 


These same fundamental facts were recognized by the General 
Boilers Co. in the construction of their factory building which is 
described in detail elsewhere in this Journal. 

In Appendix “B” one of the authors (Mr. W. L. Warner) com- 
pares in detail a riveted truss with one where welding has been sub- 
stituted. 

The structural engineer is inclined to look with suspicion on 
a single weld which carries enormous loads and where failure 
might result in damage to life or property. While he knows that 
riveting is not altogether a safe proposition as indicated elsewhere 
in this report, nevertheless he feels that because there are so many 
of them that even if 15 per cent were bad the structure would 
still be safe because of the factor of safety employed in the 
design. 

These engineers feel, moreover, that while some welded parts 
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are equal to the strength of the original material, nevertheless 
it is impossible in some instances to detect a bad weld which may 
have only 50 per cent of the strength of the original material. 
Of course the welding experts will argue that the solution is 
proper welding inspection and this subject is treated elsewhere. 
However, if possible welding parts should be so designed that 
there will be a large number of small welds to carry the load 
instead of one large weld. The same arguments would then hold 
true as in the case of riveting. 




















rea 


Fig. 9—Upper Figure Is Single Vee Type 
of Joint. Lower Figure Double Vee Type 


In the past the structural engineers who were not familiar with 
welding have been inclined to take the cross sectional area of a 
weld and allow so many pounds per square inch as the tensile 
strength or shearing stress of this particular weld. There are 
many important variables which make such a procedure dan- 
gerous, such as for example design of joint, chemical composition 
of parts to be welded, type of electrode used. This can be best 
illustrated by comparing the two simple types of joints shown 
in Fig. 9. In one figure there is shown a single vee double beveled 
joint; in the other a double vee double beveled joint. The cross 
section of deposited weld metal is the same and yet a number of 
tests in structures such as tanks have shown that the double vee 
joint is from 25 to 50 per cent stronger than the single vee joint. 
This difference can be ascribed to the fact that (1) it is harder 
to make a thoroughly sound fused joint with the single vee type, 
particular at the bottom of the vee and (2) that because of the 
unsymmetrical section of the single vee a bending strain is thrown 
on the deposited metal (it must be remembered that the deposited 
metal has different physical characteristics from the original base 








42 JOURNAL OF THE A. W. 8. [October 


metal). From an economical viewpoint it so happens that it costs 
less to make a double vee than it does a single vee joint. 

It should also be remembered that the physical properties of 
the deposited metal depends not only upon the type of electrode 








Fig. 10-——Electrically Welded Ship Fullagar, Floor Plates, Frames 
and Plating 


used but also on the physical and chemical properties of the base 
metal. 

Another important factor which must be taken into account is 
the fact that in some instances joints designed for riveting do 
not make it possible to secure good welding. Factors such as posi- 
tion of welding, heat conductivity of the edges to be joined, etc., 
are some of the reasons that may be cited. 
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Large office buildings are usually of a steel cage type. This 
type of construction lends itself particularly to welding as the 
safety of a building does not depend upon any single weld. 


Lockgates and Caissons 


Among structures especially well adapted for the use of weld- 
ing, lockgates, caissons and similar works employed by hydraulic 
engineers may be mentioned. 

Structures of this kind are intermediate in character between 
ship construction and bridge work. A large part of the material 





Fig. 11—Hlectrically Welded Coaster Fullagar, Built by Cammell-Laird Company, 
Ltd., Using Flux-Covered Electrodes 


used in them consists of steel plates of varying thicknesses, de- 
signed to support water pressure, but there are also heavy girders, 
vertical and horizontal bracing frames, and decks forming the 
skeleton of the structures. 

In order to obtain water tightness, it has been necessary in 
the past to use a large number of rivets, quite closely spaced and 
to caulk the edges of all the outer plates. In the case of most of 
these rivets, the direct stress is quite small, although in some 
parts of the gate frames there are a relatively small number of 
rivets under rather heavy stress. 

It is believed that a careful analysis of structures of this kind 
would show that, by making some changes in the design, welding 
might with advantage be substituted for riveting and caulking in 
a large part of the work, although it might best to use rivets for 
certain connections. 
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An example of structures of this kind may be found in the large 
lockgates used on modern canals. 

On the Panama Canal, for instance, there are in all 94 mitering 
lockgate leaves, each weighing on the average about 300 tons. The 
length of the leaf is 65 ft., its thickness 7 ft., while the height 











Fig. 12—Panama Lock Gate. Typical Structure where Welding Might be 
Substituted for Riveting 


varies from 45 to 82 ft. The framework consists of longitudinal 
horizontal girders, spaced 3 ft. 8 in. to 5 ft. apart with vertical 
frames 7 to 8 ft. between centers, built in between the horizontals 
and forming a complete vertical bracing for the gate frame. Both 
faces of the leaves are covered with steel plating. (Fig. 12.) 


The horizontal girders and the individual bracing frames were 
shop built, but over 6,500,000 rivets were driven in the field, for 
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connecting the bracing and attaching the outer skin. It was also 
necessary to do a large amount of caulking. 

The driving of this enormous number of rivets was a rather 
serious undertaking. In order to insure water tightness it was 














Fig. 13—Launching of the Welded Vessel Ac 1320 


thought best to punch the rivet holes quite sma!] in the shop 
(11/16 in. diameter for 7 in. and 1 in. rivets) and then ream them 
in the field. 

It proved difficult to do this without introducing chips into the 
space between the plates, which interfered with getting tight rivets. 

It was also hard to get a sufficient number of experienced riveters, 
since as many as 165 gangs were required at one time. The num- 
ber of rivets rejected on inspection was very great, which increased 
the cost to the contractors and led ultimately to a large claim 
against the Government, met in part by an additional Congressional 
appropriation. 

It is believed that in the case of a large proportion of both the 
shop and field rivets, welded joints could have been substituted 
and the troublesome caulking of the plates could also have been 
eliminated. It would probably be necessary to modify the design 
in some respects, but there seems to be no reason for doubting that 


with due care a gate of equal strength could be built at decidedly 
lower cost. 
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Cost Data 


No reliable figures are available as to the comparative costs of 
welded structures and ones fabricated by riveting. In the ship- 
building field, however, some such data has been compiled which 
are available. In a paper read before the Society of Engineers and 
Shipbuilders in Scotland Major James Caldwell brings out that in 
the construction of a cross channel barge the following savings 
were effected—245 man hours and 1000 lb. of metal. 

The comparative costs of building this barge are $1,462.86 for 
the welded construction as against $1,892.48 for the riveted. It 








Fig. 14—-Welding Bottom of an 80,000 Barrel Tank. Part of the First Shell Ring 
Is in Place. Two Gas Engine Driven Generator Are Welding Sets in Action 
at 


should be noted that the design was not particularly adapted for 
welding. In the report prepared by Mr. Ewertz (previously re- 
ferred to) some comparative costs for riveting versus welding are 
worked out in a number of operations. A summary of these, in- 
cluding overhead costs, are as follows: 


Rivets Inches of Total Total Saving 
Number Per Welding Riveting Welding by 
Name of Fitting Pieces Piece Per Rivet Cost Cost Welding 
faree I OU. a, so a tpi oo 5 hn 6 98 2 10 $97.32 $127.61 —31 
pee | OF ISS ree ce 20 2 9 44.96 21.81 51.5 
Benali QWRING BOGS... 2... ecceveces 24 2 4.75 44.13 20.61 53 
Triangular hand a stanchions. 48 3 6 126.36 56.79 55 
Vertical hand rail stanchions....... 115 2 9 142.92 137.72 
7 hangers—F.. W. line........... 57 2 4 118.26 70 40.4 
Pd hangers, drain and fuel....... 92 2 x 191.10 141.71 26 
Clips—pump room, pi hangers. ... 6 4 9 14.70 13.24 9.8 
Glos, — room gratings.......... 24 2 ios 42.77 35.47 17 
Bounding angle butts.............- 50 é 329.05 71.68 78 


Several years ago an attempt was furs by Ww. Spraragen to 
compile basic figures for welding costs which would be applicable 
to almost any form of welding, including applications in the struc- 
tural field. This paper was published in the June, 1920, issue of 
the Welding Engineer. It showed that the speed of “arc” welding 
is affected by a number of factors, some of the most important of 
which were type of joints, preparation of welding edges, position of 
welding, amount of current used, diameter of electrode, polarity 
and length of arc. In order to make the figures universally ap- 
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plicable the author expresses the speed of arc welding in pounds 
of metal deposited per hour. To compute the time for welding any 
particular job it is only necessary to divide the pounds of metal 
that can be deposited per hour by the weight of added metal that 
must be used to complete the joint. The weight of this added metal 
is, of course, readily computed from the volume it is expected to 
occupy. In computing this volume the author states that it is ad- 
visable to add 10 to 20 per cent to allow for the fact that the added 
material rises above straight line surfaces and is consequently of 
somewhat larger cross section. 
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Fig. 15—Details of an all Welded Floor, Constructed by the Hershey Chocolate Co. 


The average result of a vast amount of data shows the operator 
can deposit 1.8 lb. of metal per hour. This rate depends largely 
upon whether the work is done out in the open or in a special place 
provided in the shop. For outside work the operator may not 
average more than 1.4 lb. per hour. The loss in speed for outside 
work is brought about largely by the cooling action of the air and 
also somewhat by the added inconvenience to the operator. The 
value of pounds per hour given above is based on the assumption 
that the work has been lined up and is ready for welding. 

In computing costs it is also important to know the amount of 
electrode material that is necessary to complete a good job. From 
experience it has been found that an average of 70 per cent of the 
weight of bare iron wire is deposited in the weld, the rest being 
either vaporized or wasted as “short ends.” From these figures 
and knowing the volume of metal needed to complete any joint it 
wae quite easy to determine the total weight of electrodes 

However, in order to make estimates of erecting structures by 
welding, it will be necessary to compute accurate figures on the cost 
of welding a particular type of joint, including preparation of work, 
amount of power needed and overhead expenses. It will not be 
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then necessary to resort to these basic figures as the computations 
will be much simpler. 

One of the factors which will undoubtedly influence the cost of 
welding will be the applications of the gas-cutting torch. Cutting 
by the oxy-acetylene flame has been so well standardized that 
machine-like jobs can be obtained at a fraction of the cost of cut- 
ting by mechanical means. 


Existing Welded Structures 


In a paper printed in the Journal of the American Welding So- 
ciety entitled “Are Welding of Steel Structures,” Prof. F. P. Mc- 














Fig. 16—Raising the Roof Sheets for an all 
Jelded Roof for a Large Storage Tank 


Kibben describes and illustrates a number of existing structures 
which are quite varied in nature. These include the following: 

1. Stables for the Olympia Horse Show, England, 1920. The 
building covers an area of over 9000 sq. ft., the span of the roof 
trusses being 14 ft. All steel parts were cut to length and delivered 
to the site of the building ready for erection, where two welders 
and four laborers obtained an output of ten completed trusses per 
day. 

2. Mill building at Brixton, England. Mill building has a saw- 
tooth roof covering 22,000 sq. ft., having roof trusses of three spans 
each of 19 ft. and supported on “H” section columns. Truss mem- 
bers were cut to proper lengths and then placed in jigs where they 
were held in position and the joints welded. The truss was then 
removed and erected. 

3. Cross Channel Barge for use between England and France. 
Length 125 ft. 9 in., breadth 16 ft. 4 in., molded depth 7 ft. 9 in., 
shell plating 14 in. and 5/16 in. lapped and joggled. The plates 
were assembled by means of a few service bolts, which after the 
welding of the joints were withdrawn and the holes closed by means 
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of arc welding. Several barges of this type have been built in 
England. 

4. The 500-ton coasting ship Fullagar, launched Feb. 5, 1920, 
length 150 ft. (Figs. 10 and 11) 

5. Transmission line towers have been constructed in Belgium 
having a height of 72 ft., carrying 7 wires on 525-ft. spans. All 
parts were electrically welded except for convenience in transpor- 
tation the upper and lower sections were spliced together in the 
field. 

6. At Fitzroy the Metropolitan Gas Company constructed a gas- 
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Fig. 17—Completing the Third Bay of a 2,000,000 Ft. Gas Holder 
at Melbourne, Australia. Note the Welded Guide Carriages 


holder of 2,000,000 cu. ft. capacity which, except for the assembly 
rivets, is electrically welded. The diameter of the tank is 150 ft. 
and has four 35-ft. lifts. The latticed guide columns are 130 ft. 
high. Still another tank 200 ft. in diameter was constructed in 
Melbourne, Australia. (Figs. 17 and 18) 

7. Large boom for a derrick, approximately 90 ft. long. Except 
for a connection at the middle of the boom, all joints are made by 
are welding. 

8. Gondola freight car. The American Car and Foundry Com- 
pany designed a Gondola freight car of 50 tons capacity in which 
electric spot welding was used in the superstructure. 

9. Transformer tower, General Electric Company constructed 
at Schenectady plant a steel frame 40 ft. wide x 40 ft. long and 40 


ft. high to serve as a transformer tower, all parts being arc welded. 


The structure contains 34,339 lb. of structural steel. 
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10. Steel bridge. A steel bridge connecting two buildings was 
constructed by the General Electric Co. by means of electric weld- 
ing, only a few rivets being used at the connection of one of the 
buildings. 


Other Examples of Welding Structures 


An All-Welded Steel Floor. An all-welded steel floor was con- 
structed by the Hershey Chocolate Company, 64 ft. x 24 ft., for 











Fig. 18—Two Million Cu. Ft. Gas Holder, Constructed by Welding in 
Melbourne, Australia 


their milk receiving room. Heretofore cement and bituminous 
flooring were used with more or less leaking and a great tendency 
to crack. Three hundred thousand pounds of milk enter this room 
daily, mostly in 100-lb. cans. The plates were cut 4 ft. x 10 ft. x 
% in., planed to a 45 deg. bevel. The floor had to be 100 per cent 
waterproof and have as great a resistance to shock and abrasion 
as possible. With this type of construction it was possible to slide 
cans over a smooth surface, netting a saving on labor alone of 
about $1,200 annually. (Fig. 15) 

One Hundred Foot Welded Tower. This tower was completed in 
a cave in California and is built up of spiral strips of steel inclosing 
a spiral stairway. Every joint of the 7200 in the structure was 
welded by the electric arc. The cost of the completed tower was 
$3,000 as against the lowest estimate on the riveted structural stee! 
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tower of $12,000. The steel used in the welded tower was slightly 
over 3 tons. Similar weight of a bolted and riveted structure is 
13 tons. (Fig. 19) 

Eighty Thousand Barrel Tank. The bottom of a tank 117 ft. in 
diameter was constructed in the oil fields of the Southwest. Plates 
were 18 ft. x 6 ft. x 3/16 in., each weighing about 900 lb. (Fig 14) 

Welded Floating Roofs. A floating welded roof for a gasoline 





Fig. 19——Spiral Stairway 100 Ft. High, Constructed in 
California Cave 


tank 30 ft. in diameter was constructed by the Chicago Bridge and 
Iron Works to protect gasoline tanks from evaporation and fire 
hazard, 

Arc Welded Radio Towers. Two welded radio towers, 115 ft. high, 
largely made of steel pipe, were built two years ago at Peking, 
China. Requirements were to support a horizontal antenna pull 
of 3000 Ib. at a height of 150 ft. and to use a limited ground space 
with a permanent support. Funds and time were limited. There 
are several distinct advantages to be found in the design and con- 
struction of this tower. First, all members of the tower are round 
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and hence offer a relatively small resistance to the wind, which is 
important as a great part of the stresses produced-on such a tower 
is caused by the wind acting on the tower itself. Second, pipe 
sections give nearly perfect columns, having the great strength 
with a given amount of metal. Third, the details are so arranged 
as to make use of nearly all scraps resulting from the cutting of 
the main members. Fourth, electric welding is much easier, 
quicker and cheaper than riveting on work of this nature, and if 
properly done it is just as reliable as riveted work. Fifth, the use 
of material of light weight permits the easy erection of long shop 
sections. Sixth, the finished tower has smooth, easy lines and 
offers a pleasing appearance. 

1. Tug boat having a length of 42 ft. beam of 11 ft. and a depth 
of 6 ft.6 in. Boat constructed of steel with shell plating 3/16 in., 
frames 11% by 11% in. angles, and bar keel 1 in. by 5in. Tug com- 
pelled in winter to break through ice 8 in. in thickness. Once it was 
caught between two large ships and her side crushed in 18 in., 
raising her deck 6 in. This damage was repaired by using hydraulic 
jack to press the sides out to proper places and neither these 
extraordinary stresses nor other service conditions have in any way 
started or cracked the welding. 

2. Welded Caisson. An all-welded steel self-floating caisson was 
constructed in Japan for the 460-ft. dry dock at Hikoshuma dry- 
dock. 

3. Welding pontoon for crane at Kobe plant 65 ft. long, 35 ft. 
molded breadth and 8 ft. molded depth, having a rectangular form 
in cross sections. 

4. Battle Towing Target. A 172-ft. battle towing target was 
constructed at the Norfolk Navy Yard by are welding. 

Inspection: One of the greatest handicaps to welding is the 
contention that welds are lacking in uniformity and that it is not 
yet possible to tell when a welded joint is good or bad. It is a well- 
known fact that in a riveted structure not all the rivets have the 
theoretical strength that they are supposed to have. If the rivet 
is too cold or the thickness of steel to be riveted too great or the 
pressure of the riveting machine not sufficient, the rivet is not 
upset enough to fill the hole and the proper bearing of the rivet 
upon the plate is not secured. 

In his paper on “Applications of Arc Welding to Ship Construc- 
tion,” Mr. Ewertz states: 

Riveting, also, has its hazards, for heavy locked up stresses are 
produced in the driving of a rivet and stresses are set up in the 
plating nearby due to hammering. It is often impossible with the 
best workmen to obtain fair rivet holes and therefore rivets are 
frequently driven into odd shaped holes, adding uncertainty to the 
results obtained. While the testing of rivets is readily performed, 





Nore :—The following welded structures are reported by Mr. Ewertz in his paper on 
application of arc welding to ship construction, published by the American Bureau of 
elding. 
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it is frequently found in tests of compartments that the water pro- 
duces an excessive strain on the rivets. Again, rivets having 
passed all the tests during the ship’s construction are sometimes 
found incapable of standing stresses produced by the ship working 
in a heavy sea. 

The vast amount of skilled labor required to properly form the 
various members of a ship’s structure, to make and punch rivet 
holes, to bolt together and fair up the various parts, is labor that 
is little understood by the average engineer. The hazards, how- 
ever, due to human incapability to produce perfect work are offset 
by the liberal margin for safety allowed for in the classification 
rules; therefore, we seldom hear of disaster to a ship due to faulty 
construction. 

However, structural engineers will argue that there are enough 
rivets so that even if 15 per cent of them are bad the factor of 
safety is such that the riveted joint will withstand the stresses 
which it meets in service. Moreover, a loose rivet does not neces- 
sarily mean that it has no strength. As previously indicated in 
the report wherever possible, the welded structures should be de- 
signed such that there will be a great many welds instead of all the 
strength concentrated in one place. 

The real solution, however, is inspection, proper materials, ap- 
paratus and skilled workmen. 

It is perfectly possible to have inspectors so trained that during 
the welding processes they can see whether proper welding is 
being done. As a matter of fact a good operator knows whether 
he is doing a good job. Conscientious workmen are quite neces- 
sary if the use of welding is to be extended. On a number of 
occasions prominent welding engineers have expressed an opinion 
that the skill of welders should be tested before they are put on 
the important work. This is very readily done but it does not alter 
the fact that conscientiousness on the part of the workmen is 
absolutely necessary for under test he may do a 100 per cent job 
while in service he may be careless. 

Another important development which is bound to have its in- 
fluence is the use of automatic and semi-automatic welding ma- 
chines thereby eliminating the factor of the operator. These 
machines have been described in considerable detail at various 
meetings of the American Welding Society. 


Corrosion 


The following excerpt on the above subject is taken from Mr. 
Ewertz’s paper: 


Corrosion of Arc Weld Metal in Sea Water 


A. G. Bissell, of the general engineering department of the 
Westinghouse Electric and Manufacturing Company, while at the 
Puget Sound Navy Yard, had an opportunity to examine many 
arc welds that had been in sea water for various lengths of time. 
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In no instance was the arc weld metal corroded any more than 
the surrounding plate material except where it had been used to 
build up rivet heads on ships’ rudders. Unwelded rivet heads in 
this same vicinity were also badly corroded. From a careful 
examination of the rudder of the U. S. S. Arkansas it was found 
that both welded and unwelded rivets on the forward end were 
corroded while a few feet along the side of the rudder were sev- 
eral welded rivets, none of which showed any signs of corrosion. 
It was concluded at the time that the corrosion was due to the 
electrolytic action between the steel of the rudder and the bronze 
propellers, the action being concentrated at the rivet heads. 

The only information which the General Electric Company has 
on the ability of a weld to stand corrosion is that in connection 
with the 12 ft. cubical tank which was made for the Emergency 
Fleet Corporation. This tank when completed was exposed to 
the weather for 5 years and a piece recently cut out of the side, 
which included a welded joint, showed that the depth of oxidation 
in the weld was just the same as on the plate, giving evidence that 
the welded portion is not any more susceptible to corrosion from 
ordinary weather conditions than the plate itself. The plate was 
l% in. ship plate. 


Needed Data 


There is no question that structural engineers who read this 
report may be favorably impressed with the possibilities of weld- 
ing. It is also certain that were they inclined to specify the use 
the welding they would at once be confronted with the need of 
certain tests and data that are now lacking. This information 
would come under the following heads: 


1. Accurate Cost Data. Making it possible to readily compute 
the cost of any particular welded structure. The basis for this 
information is already available. Figures for specific jobs would 
have to be compiled from experience. . 

2. Tensile Strength. Much information on this subject is al- 
ready available. It may be necessary to make a few tests on 
specific types of joints, materials and methods. 

3. Shearing Strength. A little information is available. Much 
more is needed. 

4. Resistance to Shock. In certain instances completed welded 
structures will have to be tested. In most instances, however, 
there is enough information already available. 

5.. Bending. Here again tests for bending would have to be 
made in certain completed structures; the bending qualities of 
small specimens are well known. 

6. Welding Wire. Specifications for welding wire found satis- 
factory in service are already available, having been compiled by 
an appropriate research committee of the American Welding 
Society. However, certain tests will have to be made for specific 
materials to check their merits. 
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7. Tests for Operators. Specifications for making and testing 
welded test specimens are already available. 


8. Inspection. Careful instructions will have to be worked out 
for inspectors. In fact, a short training course might be necessary. 

9. Materials. It is quite likely that the present quality of steel 
will be entirely suitable for welding. Closer attention will have 
to be given to the physical and chemical properties. In all prob- 
ability closer tolerances and additional chemical and physical re- 
quirements will be found necessary. 


10. Design. This is by far the most important subject that will 
have to be considered by structural engineers. Designs will have 
to be developed for specific structures that are suitable only for 
welding. As previously pointed out in the report, it will be pos- 
sible with the design of structures, including shapes, methods and 
materials prepared with only welding in mind, to effect con- 
siderable economies and obtain structures that are better than 
similar riveted ones or ones where both welding and riveting 
could be used. 


11 Methods of Assembly. This is a very important feature. 
Standardization based upon experience will undoubtedly be 
brought about in time and will be necessitated if lower costs are 
to result. 

Fortunately for the structural engineer there is in existence an 
internationally known welding research department, known as 
the American Bureau of Welding. It really is the research de- 
partment of the American Welding Society and is closely affiliated 
also with the National Research Council. The Bureau is well 
organized and has established contacts with testing experts, 
welding engineers, metallurgical experts, structural engineers and 
other talent that is needed in these investigations. It also has at 
its disposal the testing facilities of the several governmental 
departments, the laboratories of universities and of many private 
corporations. 

A large number of investigations have also been made by the 
Bureau and reports rendered. A considerable amount of data so 
obtained is also applicable to work in the structural field. 


Conclusions 


The following important conclusions seem to the authors worthy 
of special mention: 


1. Electric are welding possesses possibilities of being used as 
a means of fabricating structural steel parts with resulting 
economies and superiority of product. 

2. Test data and service experience have already shown that 
welding can be safely used in structural work if proper regard 
is given to design, methods, inspection, workmen, materials and 
specifications. 


3. If welding is to be specified, a structure should be designed 
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primarily for welding, as in this way only will it be possible to get 
a good job and effect the maximum economies. 

4. While a vast amount of data is already available still others 
will have to be obtained and in particular types of joints, shapes 
of structural members will have to be developed as a result of 
welding experience and tests. 

5. Structural engineers, steel companies and fabricating com- 
panies should get together and cooperate in the preparation of 
data and specifications which will be of service to the structural 
engineers and in conducting a comprehensive series of investiga- 
tions to secure the data and information that are now lacking. 
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Appendix A 


Design for a Riveted Steel Truss 


for Static Loads* 
F. P. McKIBBEN+ 


Practically all riveted joints depend for their strength upon 
the shearing value of the rivets or on the bearing of rivets upon 
plates connected, and it is comparatively easy to substitute electric 
welding for rivets in many structures without materially chang- 
ing the present standard forms for steel members, the deposited 
metal at the weld will be subjected to shearing rather than to ten- 
sile stresses. The best data thus far published on shearing 
strength of deposited metal are those of E. S. Humphreys, Jr., 
made at the General Electric Company’s, Schenectady plant and at 
Union College, published in Jron Age, May 25, 1922. The accom- 
panying figures and tables give the results of these tests, which 
mark such a step forward as to merit some attention. Referring 
to Figs. 20 and 21 it is seen that each specimen consists of two 
plates joined together by two splice plates in such a manner that 
the deposited metal, or beads, runs parallel to the length of the 
plates and therefore parallel to the tensile pull exerted upon these 
plates, with the result that the beads are subjected to shear. It is 
just this action that will be brought upon beads deposited in many 
joints of electrically welded bridge and roof trusses. 

The shearing strength of the bead varies from 31,145 lb. per 
square inch for the 14-in. bead to 42,000 lb. per square inch for the 





eg from an article appearing in the Feb., 1922, issue of the Journal of th« 


+Professor of Civil Engineering, Union College, Schenectady, N. Y. 
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14-in. bead, and the table shows quite conclusively that the smaller 
the bead the greater is the unit shearing strength in pounds per 
square inch. It should be pointed out here that when these speci- 
mens failed in the testing machine the plane of fracture, i.e, plane 
of shear, was not the base of the triangular fillet but was on a plane 
extending from the apex of the triangle perpendicularly to the 
hypothenuse opposite the plane of smallest shearing area. The 
plates were of ordinary structural steel quality and the electrode 
was a standard commercial bare wire, high in manganese and low 
in carbon, sulphur, phosphorus and silicon. The average shear- 
ing strength of the beads for all specimens which failed by shear 
was 36,310 lb. per square inch. 
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Fig. 20—Details of Test Specimens 
SAFE ALLOWABLE SHEARING STRENGTH FOR BEADS AT 9000 LB. PER 


SQUARE INCH 
Safe strength per 


A B xX linear inch of bead 
in. in. in. Ib. 

yy \% 0.355 3195 

Be ly 0.300 2700 

¥% ¥p 0.266 2394 

Vy ¥e 0.203 1827 

V4 Vy 0.177 1593 


_ If a factor of safety of four be applied, the safe allowable shear- 
ing strength per square inch of longitudinal section of bead on the 
minimum section is approximately 9000 Ib. per square inch. Using 
this value, Table above shows the allowable safe working stresses 
in pounds per linear inch of bead for beads of varying dimensions. 
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For example, for a triangular bead 14 in. deep by \% in. horizon- 
tally the minimum shearing section would be 0.355 sq. in., which 
multiplied by 9000 lb. per square inch, the safe working shearing 
strength, gives 3195 lb. per linear inch of bead. 

In Fig. 22 is shown a preliminary design for an arc welded truss, 


COVER PLATES 


ee en See 












































SIDE VIEW OF TEST SPECIMEN 




















DETAILS OF TEST SPECIMEN 


Fig. 21 


having a span of 56.4 ft., and carrying a load of 126,000 lb. at the 
center point C. The following safe unit stresses have been used: 


Tension 16,000 lb. per square inch. 
Compression 15,000 — 50" 


L — Length of member: r — Radius of gyration of cross- 
section. 
Shearing in beads — 9000 lb. per square inch. 
All welds are of the fillet type, triangular in cross-section and 
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the strength of these fillets are shown in the upper left-hand corner 
of Fig. 22, the 7/16-in. x 7/16-in. fillet having a safe working 
strength per linear inch of 0.31 x 9000 — 2790 lb.; and the 1-in. x 
'-in. fillet a working strength of 0.335 x 9000 — 3195 lb. To de- 
termine the required length of fillet, or bead, to develop in shear 
a safe strength equal to the stress exerted by the member BC is 
merely necessary to divide the stress, 89,200 lb. by the safe shear- 
ing strength of a 1%4-in. x 4-in. bead per linear inch, i.e., by 3195 
lb., thus giving 27.8 in., or 14 in. ‘for each of the two angles of 
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Fig. 22—Design of Two Panel Arc Welded Truss 


member BC. The compactness of the joints in the electrically 
welded truss is very noticeable and there is a great saving of mate- 
rial in such joints over the ordinary type of riveted joint. Just 
what the saving in cost may be is at present a matter of conjecture 
because we have not had sufficient experience to secure accurate 
cost data on electric welding of such structures. 

Another very important advantage which the welded truss has 
over the riveted truss consists in saving material in tension mem- 
bers due to the reduction of cross-section in riveted trusses caused 
by the rivet holes. For example, in the welded truss shown in 
Fig. 22 the tension member AC is made up of two 21%-in. x 2% x 
7/16-in. angles with a cross-section of 4 sq. in., and this is also the 
net section, as there is no reduction of area. In the riveted truss 
(Fig. 23), this lower chord member AC is made up of two 3-in. x 
3-in. x 7/16-in. angles with a cross area of 4.86 sq. in., but as the 
rivet holes take out 0.87 sq. in. the net is only 3.99 sq. in. The 
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diagonal BC in the riveted truss also suffers loss due to the pres- 
ence of rivets. The saving of weight in the four tension mem- 
bers of the welded truss over the corresponding members of the 
riveted truss due to reduction of area caused by rivets alone is 304 
lb. The weight of steel in the angles of the four tension members 
of the welded truss is 1520 lb., and weight in the four correspond- 
ing members of the riveted truss is 1824 lb. The saving by the 
use of the welded truss so far as main tension members are con- 























Fig. 23—-Design of Two Panel Riveted Truss with Same Loading and Span as for the 
Welded Truss of Figure 22 


cerned is 16 2/3 per cent of the weight of metal in the four riveted 
tension members. No rivets have been used in the welded truss 
shown in Fig. 22, but perhaps a more careful study would show 
that greater economy could be secured by using rivets in some 
places and welding in others. For example, it may be desirable to 
use rivets in the lattice bars of the compression members which 
in Fig. 22 are shown welded. 


Appendix B 
Welded Truss 


W. L. WARNER} 


The design of a welded truss is a relatively simple matter when 
the style of the truss and the loading are known. At the present 
time, however, so little is known concerning the strength of various 
types of structural welds that the complete design of a steel struc- 
ture is out of the question. In Fig. 24 is shown a small riveted 
truss which was designed for a span of 48 ft. for railway service. 
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It is the author’s purpose now to redesign this truss for welding. 
It should be borne in mind, however, that the greatest economy will 
result only when the truss or structure is designed for welding in 
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Fig. 24—Welded and Riveted Truss 


the first place instead of designing it for riveting and then redesign- 
ing for welding. This point will be explained in the discussion. 

In the various steps of the design which follow the safe loads 
for various sizes of bead are those given by Prof. F: P. McKibben 


~ his paper “Are Welding of Steel Structures.” These are as fol- 
OWS: . 
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Y, in. by 4% in. bead............ 1593 lbs. per linear inch 
3% in. by %in. bead............ 2394 Ibs. per linear inch 
7/16 in. by 7/16 in. bead......... 2781 lbs. per linear inch 
14 in. by Yin. bead...........- 3195 Ibs. per linear inch 
9/16 in. by 9/16 in. bead......... 4770 lbs. per linear inch 


Note: The above values are based upon the results of tests 
which gave the average shearing strength of welded beads as 
36,310 lbs. per square inch. Allowing a factor of safety of 4, the 
safe allowable stress is 9000 Ibs. per square inch. 


End Connecting Angles (A) 


These members consist of two angles 6 in. by 6 in. by \% in. 
each, with 24 rivet holes, and are connected by 16 shop rivets to the 
5-in. gusset plate (c). The safe load which these angles can carry 
is limited by the shearing section A shown in Fig. 25, Sketch I, or 
by the strength of the 16 rivets shown at joint No. 1 of the riveted 
truss. 

The net section through one line of 8 rivets of angles A is equal 
to the total length, about 26 in. minus the width of 8 rivet holes 
multiplied by the thickness of one angle, and this figure multiplied 
by two for the two angles. This gives the distance A in Sketch I 
as 18 in. to give the same shearing strength for the two welded 
angles as for the riveted angles. We must now consider the weld. 

There are 16 shop rivets in bearing on one 5¢-in. plate, which 
gives an allowable load of 16 « 13,130 — 210,000 lbs. The safe 
load for shear which can be carried by the two angles is 18 « 1 x 
10,000 — 180,000 lbs. The shearing of the angles rules in this case 
and we must have a weld which will carry at least 180,000 lbs. from 
gusset plate C to angles A. We will, however, design from the 
load supported by the rivets. 

The net area of each angle on a horizontal plane = 5.75 - 2 (1 
x Y) = 4.75 sq. in. We can use either 2— 5 in. x 5 in. x 9/16 
in. angles or 2—5 in. x 5 in. x &%& in. angles with areas of 5,31 
sq. in. or 4.75 sq. in. respectively. 

Assuming that we use the former size of angle, then, we can use 
a 9/16-in. triangular bead, which is good for 4770 lbs. per linear 


210,000 : 
S770 == 44 in. of weld. 


To be safe we will use 48 in. and weld along the edges shown at 
o 1 pe side view, Sketch I, which gives us the required length 
of weld. 

It can be easily seen that were the angles welded only along the 
edge (b) a bending moment would be introduced into the weld in 
addition to the shear which it is designed to carry. The joint would 
be unsafe. We must, therefore, make a weld also as shown at (a) 
Sketch I. At this point it must be brought out that we have no data 
on the strength of the type of joint just mentioned. We are relying 


7 Ps % this case simply to prevent a bending moment in the weld 
a ; 


inch. There would be required, then, 
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Let us consider for a moment the connection of the angles A to 
the abutment or other support along the plane (cde) Sketch I. The 
load is 210,000 and we will use a 9/16-in. bead. There is required 
44 in. and we will use 48 in. The angle 24 in. long is then sufficient 
and we will put a 9/16-in. bead along each angle at (dc). 

It should be noted that the weld at (a) should not project beyond 
the plane (cd). 

If now we should desire to use two angles 5 in. x 5 in. x \% in. 
instead of those shown in Sketch I, the length must necessarily be 
more than 24 in., since a 14-in. bead is only good for 3195 lbs. per 
inch of length. _ This would make a more unsightly connection, as 
shown in Sketch II. The length required is ss = 66 in. and we 
should use about 70 in. This would mean about 35 in. along (dc) on 
each angle. (See Sketch II). 

Assuming that the weld as shown at (a) Sketch II is equivalent to 
two 14-in. triangular beads with a safe load per linear inch of 1593 
Ibs., then the length of 24 in. is sufficient in conjunction with the 
weld at (b). The preference, however, would be for the setup as 
shown in Sketch I. 

Now let us consider the real limiting strength of the riveted 
angles. We have found that the maximum load which the riveted 
angles A will stand safely is 180,000 lbs. and that the net cross 
sections is 18 in. long. In designing the welded joint the first ques- 
tion that arises is with regard to the required length of shy in. or 


14 in. angles. Using the former, the length of angles is ing = 18 
< 8/9 = 16 in. The length of the 14-in. angles must necessarily 
be the same as the riveted angles minus the eight rivet-holes. This 
length is 18 in. 

The number of inches of weld required for this joint, using the 


9/16-in. angles, is bt = 38 in 


We will use 40 in. and put 16 in. on each angle. Weld also as 
shown at (a) Sketch I to take care of the extra 8 in. of weld which 
cannot be obtained otherwise unless the angles are cut 20 in. long 
instead of 16. 


Using the 14-in. angles, the number of inches of weld required 
ee = 57 in. We would use about 60 in., which would require 


angles about 30 in. long. 


Connection of %4-in. Plates D to Gusset Plate C 


There are two plates D 4 in. thick which are connected to the 
54-in. gusset plate C by 15 shop rivets in bearing on the %%-in. 
plate. The load to be carried is then 13,130 « 15 — 196,950 lbs. We 
can use a 14-in. triangular beaa which has a safe load of 3195 lbs. 
per linear inch. The total number of inches of weld required 
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— 196,950 divided by 3195 — 61.6 in. We will use 64 in. and put 
32 in. along each plate. 

Upon closer inspection we find that probably 15 rivets are un- 
necessary for making this connection. Undoubtedly 9 rivets are 
sufficient and the other six are used only for adornment. This 
situation is brought out by reason of the fact that 9 rivets carry 
the whole stress from web plate E to plates D. This second con- 
sideration gives us : a ss me = 87 in. We will use 
40 in. and put 20 in. on each plate, as shown by (f) and (g) of 
Sketch III. We are rather uncertain as to the strength of a bead in 
the position of (f) and need test data on this point. 


Connection of Top Chord Angles B to Gusset C 


For the top member we have two angles 5 in. x 314 in. x \% in. 
There are 5 shop rivets connecting the top chord angles B to the 
gusset plate C. These rivets have an allowable carrying capacity 


of 5 x 13,130 — 65,650 Ibs. If we use a 4-in. bead we will require 
ar — 20.5 in. of weld. We will use 24 in. In order to secure 


the proper amount of weld we will put 10 in. along one edge of each 
angle shown at (h) Sketch III and then put a weld of 10 in. on the 
top between the angles as shown at (k) Sketch III. The details of 
this last are shown at (e) Sketch III. We have no test data on the 
strength of a weld of this nature, but we assume that 10 in. of this 


type of weld will at least be equivalent to 4 in. of straight triangular 
bead. 


Connection of Top Chord Web E to Plates D 


There are 9 shop rivets connecting two 14-in. plates to one 5-in. 
plate. The limiting feature in this case is bearing on the 5¢-in. 
plate. The allowable load is then 9 « 13,130 — 118,170 lbs. Using 
118,170 37.1 

8195 =’ 


in. of weld. We will use 40 in. and put 20 in. on each plate, as 
shown at (n) Sketch III. 








14-in. bead there would be required approximately 


Member 1—6 


This member consists of two angles 6 in. x 314 in. x 7/16 in. 
having a net area of 3.533 sq. in. each. The allowable tension is 
then 7.066 16,000 — 113,000 Ibs. For welding we can use two 
angles 5 in. x 4 in. x 7/16 in., and we will therefore use a 


7/16-in. bead. The number of inches of weld required _ wer 
—40.7. We will use 44 in. and put 11 in. on each side of each angle, 
as shown at (m) Sketch III. 

It should be noted that on all tension members we can save 
weight by reducing the size of the member, since originally it was 
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per linear inch. The total number of inches of weld required 
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designed on a net section. On the other hand, compression members 
cannot be reduced, since they were originally designed on the gross 


section of the angles using the column formula (12,000 — 70 - : 


gross area, where | — length of member and r = least radius of 
gyration of the cross section of the member. 

In the original design the tension members were designed with 
a net area of cross section greater than the amount necessary to 
carry the allowable load. In redesigning for welding from the 
riveted design the net area of the welded member is necessarily 
somewhat greater than that of the riveted member, so that the 
resulting design has a cross section and weight too great for the 
most economical design. This situation is inevitable when design- 
ing from a riveted design without knowing the actual stresses 
which will be imposed. 

In the case of compression members the excess of strength over 
that required is considerably greater than in the case of the tension 
members. For instance, consider compression member 2—6, for 
which three rivets are used at each end to make the connections. 
The load which these three rivets can carry is 39,390 lbs. Un- 
doubtedly three rivets are more than enough to carry the load, but 
two rivets are not enough, as is shown by the following: 


Consider the column formula (12,000 — 70 ey < area of mem- 


ber. The load allowable on this member by this formula is (12,000 


— 70 — 4.6 — 27,140 Ibs. 


This shows that by designing the welded joint directly from the 
number of rivets we are making the joint stronger than necessary. 
In this instance we have recommended using 20 in. of weld when 
12 in. is sufficient to develop the full strength of the member in 
compression. 

The above discussion brings out the point previously stated that 
the design of a truss from a riveted design is not as economical 
as the design of the same truss direct from the loading values. The 
discussion also illustrates the freedom which is allowed the designer 
of a welded structure because of the great elasticity of the welding 
process. It is possible to put just enough welding on and not neces- 
sary to put more than enough to secure the proper strength. 

The same general scheme holds true for the remainder of the 
truss and a general outline of the design of the various joints 
follows: 

Joint No. 2 
Member 2-6 


Structural Forms, 2Ls 314 in. by 3 in. by % in. 


Allowable load — 3 rivets in bearing on 5%-in. plate — 3 « 13,130 
= 39,390 lb. 


Use 34-in. bead for the weld. 
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" , 39,390 
Total inches of weld required — 394 16.5. 


Use 20 in. 
On each angle put 5 in. of weld on each side. 
Do the same at Joint No. 6 for this member. 


Joint No. 3 
Member 3-6 


Structural Forms, 2Ls 5 in. by 31% in. by % in. 
Allowable load — 6 rivets in bearing on 5%-in. plate 


= 6 x 13,130 
== 78,780 lb. 
Use 3%-in. bead for the weld. 
‘ j 78,780 : 
Total inches of weld required — 3394 33 in 


Use 36 in. 
On each angle put 9 in. of weld on each side. 
Do the same at Joint No. 6 for this member. 


Joint No. 3 
Member 3-5 


Structural Forms, 2Ls 5 in. by 3 in. by %% in. 

Net area = 2 (2.86 — 1.0 x 3%) — 2 (2.86 — 0.375) 
= 2 (2.485) — 4.97 sq. in. 

Allowable load — 5.0 « 16,000 = 80,000 Ib. 

For welding use 2Ls 31% in. by 3 in. by 7/16 in. 

Net area — 2.65 sq. in. 

Use 7/16-in. bead for the weld. 


Total inches of weld required — 


Use 32 in. 


On each side 31% in. by 3 in. by 7/16 in. L, put 8 in. of weld on 
each side. 


Do the same at Joint No. 5 for this member. 
Member 2-5 
Structural Forms, 2Ls 4 in. by 314 in. by % in. 


Allowable load — 3 rivets in bearing on 54-in. plate — 3 « 13,130 
=39,390 Ib. 
Use %@-in. bead for the weld. 


Total inches of weld required — 


Use 20 in. 

On each angle put 5 in. of weld on each side. 

Do the same at Joint No. 5 for this member. 
Joint No. 4 
Member 4-5 


Structural Forms, 2Ls 314 in. by 3 in. by 5% in., wt. 7.9 Ib. 


80,000 


“O781 = 29.0 in. 


39390 


3394 16.5. 
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Allowable load — 4 rivets in bearing on 5%-in. plate — 4 « 13,130 
==52,520 Ib. 
Use 3%-in. bead for the weld. 


Total inches of weld required — 


Use 24 in. 

On each put 6 in. of weld on each side. 

Do the same at Joint No. 5 for this member. 
Remainder of Truss is the duplicate of this half shown. 


Bottom Chord 


Structural Forms, 2Ls 6 in. by 6 in. by \% in., wt. 19.6 lb. 
Net area — 2 (5.75 —1.0 x 4) = 2 (5.75 — 0.500) 

= 2 (5.25) — 10.50 sq. in. 
Use 2 Ls 5 in. by 5 in. by 9/16 in. 


Joint No. 7 
Connecting Angles to 34-in. Plate 


52520 


2394 22. 


Structural Forms, 3 shop rivets in double shear — 3 « 14,430 — 
43,290 Ik. 

Use 9/16-in. bead. 

Total inches of weld required — = 


4770 = 9.1 In 
Put 6 in. on each angle cutting L at 45 deg. 


Connecting %4-in. Plate to 34-in. Plate 


Structural Forms, 3 field rivets in double shear = 3 « 12,030 = 
36,090 Ib. 
Use %%-in. bead. 


36,090 


Inches of weld required + 3304 15.1. 
Use 16 in. 
Put 8 in. on each plate. 

Joint No. 6 


Gusset Plate 


Structural Forms, one 5%-in. plate, 11 shop rivets. 
Allowable load, bearing dn 5%-in. plate, 11 « 13,13¢ — 144,430 lb. 
Use 9/16-in. bead for the weld. 


Total inches of weld required — a 30.4 in. 
Use 40 in. 
Put 20 in. on each angle. 

Joint No. 5 


Gusset Plate 


Structural Forms, 11 shop rivets at 13,130. 
Use 20 in. on each angle, as for Joint No. 6. . 
At this point it should be stated that as the art of welding be 








1924] THE TORCH FOR ERECTION OF STRUCTURES 69 


comes more and more an important factor in the structural field, 
standardized designs will be evolved which will render the design 
of welded structure more simple. In the present instance some of 
the joints used might be considered crude and might be improved 
upon, but it should be borne in mind that we have no practical data 
on this phase of the subject. 

The writer desires to acknowledge the great assistance rendered 
by Prof. Frank P. McKibben of Union College, who assisted mate- 
rially in the preparation of this design, both with regard to methods 
of designing the welds and many helpful criticisms on the subject 
matter. 


The Oxy-Acetylene Torch as a Tool for the 


Erection of Large Structures* 
W. SPRARAGEN{ 


Engineers are not altogether familiar with the possibilities of 
the welding and cutting torch as applied in the structural field. As 
a matter of fact the use of the torch has been adopted by all of the 
large industries for the cutting of metals either for scrap or demoli- 
tion purposes or in production work. In the hands of a skilled 
operator the torch is capable of making a cut which, with or with- 
out a small amount of grinding, is smooth enough for most pur- 
poses. 

The uses to which hand-operated and machine-operated cutting 
torch can be put to in manufacturing, ship building, car building, 
boiler making, fabricating and repair work are legion. In fabri- 
cating shops the cutting torch is invaluable; steel beams, angles, 
channels and other structural shapes may be cut and trimmed to 
any angle required with the torch at a fraction of the expense of 
cutting mechanically. The process is especially valuable in the field 
where ordinary cutting machines are not available. 

If welding is to be used as a method of fabricating structures, 
whether the process be electric, spot or gas welding, a cutting torch 
will soon demonstrate its efficiency and superiority over other 
methods. With welding, greater tolerances in size will be permis- 
sible and very often the cutting may be done in the field as found 
necessary. It matters little what the shape to be cut may be. A 
cutting torch in nearly every case can do the work. 

Automatic and semi-automatic cutting machines have been de- 
veloped to allow cutting after complicated patterns or where simple 
operations are repeated a great many times. 

The use of the blow pipe in the structural welding field, however, 
has both limitations and capabilities. The limitations are chiefly 
caused by certain inherent features due to the method of heating. 


*To be presented at the Fall Meeting of the A. W. S., Cleveland, October, 1924. 
‘ qTSecretary, American Bureau of Welding. 
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Allowable load = 4 rivets in bearing on 5-in. plate — 4 x 13,130 
—=§2,520 Ib. 
Use 34-in. bead for the weld. 


Total inches of weld required — 


Use 24 in. 

On each put 6 in. of weld on each side. 

Do the same at Joint No. 5 for this member. 
Remainder of Truss is the duplicate of this half shown. 


Bottom Chord 


Structural Forms, 2Ls 6 in. by 6 in. by 1% in., wt. 19.6 lb. 
Net area = 2 (5.75 — 1.0 kK 1%) = 2 (5.75 — 0.500) 

= 2 (5.25) — 10.50 sq. in. 
Use 2 Ls 5 in. by 5 in. by 9/16 in. 


Joint No. 7 
Connecting Angles to 34-in. Plate 


52520 


3394 ~~ 22: 


Structural Forms, 3 shop rivets in double shear = 3 « 14,430 = 
43,290 lb. 

Use 9/16-in. bead. 

Total inches of weld required — a = 9.1 in 

Put 6 in. on each angle cutting L at 45 deg. 

Connecting %%-in. Plate to 34-in. Plate 


Structural Forms, 3 field rivets in double shear = 3 « 12,030 = 
36,090 Ib. 
Use 3%-in. bead. 


, 36,090 
Inches of weld required = 3304 — 15.1. 
Use 16 in. 
Put 8 in. on each plate. 
Joint No. 6 


Gusset Plate 


Structural Forms, one 54-in. plate, 11 shop rivets. 
Allowable load, bearing on %%-in. plate, 11 « 13,13¢ — 144,430 Ib. 
Use 9/16-in. bead for the weld. 


Total inches of weld required — — = 30.4 in. 
Use 40 in. 
Put 20 in. on each angle. 

Joint No. 5 


Gusset Plate 


Structural Forms, 11 shop rivets at 13,130. 
Use 20 in. on each angle, as for Joint No. 6. 
At this point it should be stated that as the art of welding be- 
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comes more and more an important factor in the structural field, 
standardized designs will be evolved which will render the design 
of welded structure more simple. In the present instance some of 
the joints used might be considered crude and might be improved 
upon, but it should be borne in mind that we have no practical data 
on this phase of the subject. 

The writer desires to acknowledge the great assistance rendered 
by Prof. Frank P. McKibben of Union College, who assisted mate- 
rially in the preparation of this design, both with regard to methods 


of designing the welds and many helpful criticisms on the subject 
matter. 


The Oxy-Acetylene Torch as a Tool for the 


Erection of Large Structures* 
W. SPRARAGEN{ 


Engineers are not altogether familiar with the possibilities of 
the welding and cutting torch as applied in the structural field. As 
a matter of fact the use of the torch has been adopted by all of the 
large industries for the cutting of metals either for scrap or demoli- 
tion purposes or in production work. In the hands of a skilled 
operator the torch is capable of making a cut which, with or with- 
out a small amount of grinding, is smooth enough for most pur- 
poses. 

The uses to which hand-operated and machine-operated cutting 
torch can be put to in manufacturing, ship building, car building, 
boiler making, fabricating and repair work are legion. In fabri- 
cating shops the cutting torch is invaluable; steel beams, angles, 
channels and other structural shapes may be cut and trimmed to 
any angle required with the torch at a fraction of the expense of 
cutting mechanically. The process is especially valuable in the field 
where ordinary cutting machines are not available. 

If welding is to be used as a method of fabricating structures, 
whether the process be electric, spot or gas welding, a cutting torch 
will soon demonstrate its efficiency and superiority over other 
methods. With welding, greater tolerances in size will be permis- 
sible and very often the cutting may be done in the field as found 
necessary. It matters little what the shape to be cut may be. A 
cutting torch in nearly every case can do the work. 

Automatic and semi-automatic cutting machines have been de- 
veloped to allow cutting after complicated patterns or where simple 
operations are repeated a great many times. 

The use of the blow pipe in the structural welding field, however, 
has both limitations and capabilities. The limitations are chiefly 
caused by certain inherent features due to the method of heating. 





*To be presented at the Fall Meeting of the A. W. S., Cleveland, October, 1924. 


‘ ySecretary, American Bureau of Welding. 
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For example, in certain complicated joints, such as would be neces- 





di 
sitated by the use of present day structural members, considerable s¢ 
difficulties might be experienced from distortion. On the other 
hand, it might be possible to substitute types of members such as tl 

. pipes where these limitations will be removed. The oxy-acetylene § it 
; flame in the hands of a competent welder can produce a joint that is H s 
oil, water and gas tight. In many instances this feature alone t] 
would justify its use even if the cost were the same or greater than * a 
a similar riveted structure. However, it is generally found that : 
V 
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Fig. 1—-Oxy-acetylene Welded Joint Used in Aeroplane 
Construction 


ee Sore mene” Se 
Cane ere eer - - 


with a proper design and management the cost of welding is con- 
siderably lowered. 

The author does not claim to be an expert in this field and has 
therefore taken the liberty of citing examples of welded structures 
that have already been built by the gas welding process. 

A 50,000 cu. ft. holder is being built by the oxy-acetylene process 
in Tulsa, Okla. The water tank is 5314 ft. in diameter by 26! 
ft. high. 

Two 1000-barrel oil storage tanks have been constructed for a 
pipe line company in Ohio. These tanks are 22 ft. in diameter bj 
18 ft. high and made of 14-in. steel plates with a light steel roo!. 

The Prairie Pipe Line Company has constructed several building 
made from welded pipe by using second-hand or junk pipe. Th 
most important have been two pumping station buildings, each 4' 
ft. by 50 ft.; one warehouse and shop building combined, wit 
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dimensions of 50 by 125 ft.; one tool house building 25 by 48 ft., and 
some smaller buildings, such as manifold houses, garages, etc. 

The reliability of welded pipe joints is illustrated by the use of 
the oxy-acetylene flame in the construction of tubular frame work 
in aeroplanes. One of these joints is shown in the accompanying 
sketch. Some tests of these welded splices are made by mitering 
the tubing and welding the mitered sections together and has shown 
a tensile strength of 4505 Ibs. 


At Birmingham, Ala., a tank 22 ft. in diameter and 30 ft. high 


was constructed by the oxy-acetylene process. The plates were 
made of 14-in. steel. 


A frame building and staging for a riveted tank was constructed 
by the Title Refining Company by the oxy-acetylene process. A 
large construction of this kind is fabricated in part or entirely of 
scrap pipe, short ends in some instances being butt welded together 
to make the required length. In case of over-length a cutting blow 
pipe is used to reduce the pipe to specifications. Design and struc- 
tural plans for frames and staging of this kind are carefully worked 


out by the engineer as much as would be necessary if the structures 
were bridges. 


Welded Flag Pole. A 110-ft. flag pole was welded in August, 
1918. The pole starts with 1054-in. oil well casings and tapers to 
3 in., capped with a revolving halyard and gold ball. 


Current Welding Literature 


All-Steel Automobile Bodies, J. E. Meadowcroft, Welding Engineer, Sept., 
1924, Vol. 9, p. 24. 

Aluminum, Method of Welding, N. Meurer, Canad. Pat. 241,197, Off. Rec. 
(July 1, 1924), Vol. 52, p. 1497. 

An Unusual Test of Bronze Welding in Cast Iron Pipe, Acetylene Journal, 
Oct., 1924, Vol. 26, pp, 176, 180. A test made to determine the strength of a 
bronze welded joint in an 18 inch cast iron artesian well casing. 

Are Welder, Portable Automatic, M. E. Hill, U. S. Pat. 1498167, Off. Gaz. 
(June 17, 1924), Vol. 323, p. 654. 

Arc Welding Heavy Plate, H. P. Eagan, The Welding Engineer, Vol. 9, Sept., 
1924, pp. 20-21, 

Are Welding Shield, Automatic, E. S. Goodspeed, U. S. Pat.. 1497012, Off. 
Gaz. (June 10, 1924), Vol. 323, p. 346. 

Are Welding Transformers, 0. H. Eschholz and A. M. Candy, U. S. Pat. 
1493849, Off. Gaz. (May 13, 1924), Vol. 322, p. 402. 
oi ——— Welding, Ry. and Locomotive Engineering (July, 1924), Vol. 
of, pp. 

Automatic Welding of Tanks, The Welding Engineer, Sept., 1924, Vol. 9, 
pp. 17-19. New machine automatically welds circular and seams, revolves 
around work, flame oscillates, boosts production. 

Bronze Welding in the Locomotive Repair Shop, James S. Heaton, Acetlyene 
Journal, Oct., 1924, Vol. 26, pp. 190, 192, 206. 

Condensed Shipping Rules for Compressed Gases. Interstate Commerce 
Regulations for the transportation of compressed gases by freight, express 
and baggage have been compiled in condensed form. 

Develops Automatic Welding Machines, Iron Trade Review, Sept. 25, 1924, 
Vol. 75, pp. 802, 803. 


1924, Vel BA ean Applied to Motor Building, Electrical World, Aug. 30, 
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Electric Welding, Elektrische Schweissung, T. Kautny, Autogene Metall- 
bearb., May 15, 1924, Vol. 17, pp. 127-30. 

Electric Welding, Electrical System of We'ding, C. N. Dutton, Trans. So. 
Africa Inst. Electrical Engineers -(April, 1924), Vol. 15, pp. 364-74. The 
Bernados System, The Metallic Are System, Tests, Metallic Tipping and 
Building Up of Tools, Macfarlane System, Metropolitan Vickers and West- 
inghouse System. 

Electric Welding of Drills, R. N. Taylor, Canadian Mining Journal (July 18, 
1924), Vol. 45, pp. 702-3. 

Electrode for Welding, H. D. Lloyd, Canad. Pat. 241301, Off. Rec. (July 1, 
1924), Vol. 52, p. 1531. 

Great Casting Welded at a Pacific Coast Plant, Western Machinery World, 
Sept., 1924, Vol. 15, pp. 297, 305. 

Industrial Possibilities of Liquid Oxygen, L. E. Bedortha, Acetylene Jour- 
nal, Oct., 1924, Vol. 26, pp. 181, 182. 

New Westinghouse Single Operated 200: Ampere Are Welding Equipment, 
Western Machinery World, Sept., 1924, Vol. 15, pp. 311, 312. 

Oxy-Acetylene Cutting on Steel, Effect of, Acetylene Journal (July, 1924), 
Vol. 26, pp. 15-6. 

Oxy-Acetylene Machine Welding, Industrial Gases, June, 1924. 

Oxy-Acetylene Welding of Non-Ferrous Metals, A. S. Kinsey, Acetylene 
Journal, Oct., 1924, Vol. 26, pp. 169, 171, 182, 183. The metal groups, melting 
copper, hardening and annealing copper, conductivity of ‘copper, granular 
structure of copper, welding of copper plate, composition of brass, rolled and 
drawn brass, cast brass, alloys of brass, zine in brass, machinery bronze, 
tobin bronze, manganese bronze. 

Positive Pressure Acetylene Generators, Western Machinery World, Sept., 
1924, Vol. 15, pp. 298, 301. 

Production Welding with Automatic Welding Machines, Acetylene Journal, 


- Oct., 1924, Vol. 26, pp. 172-175. 


A Punch Pressing Engagement, J. F. Irby, Acetylene Journal, Oct., 1924, 
Vol. 26, p. 180. 


a ee Value and What It Means to Humanity, Electric Traction, 
Vol. 20, p. 431. 

Spot Welding for Pressed Steel Parts, R. Trautschold, Forging, Stamping 
and Heat. Treat. (July, 1924), Vol. 10, pp. 265-6. Reasons for a.c. supply, con- 
tact paints and control of temperature distribution area, preparation of stock 
for spot welding, deep depression welding, seam welding. 

Tracks and Torches, Welding Engineer, Sept., 1924, Vol. 9, pp. 39, 40. 

. Risen: Office Furniture, A. C. Forman, Welding Engineer, Sept., 1924, 
ol. 9, p. 23. 

Welded Piping in Buildings, H. E. Wetzell, Welding Engineer, Vol. 9, pp. 
25, 28. 

The Welding of Cast Iron from a Metallurgical Point of View, J. G. Pearce, 
Acetylene Journal, Oct., 1924, Vol. 26, pp. 184, 186, 188 and 196. Other ele- 
ments in cast iron, influence of constitution on properties and on welding 
process, welding special irons, conclusion. 

Welding, Chemical Aspects of, J. R. Booer, Canad. Machinery (July 3, 
1924), Vol. 31, pp. 28-9 and 42-3; June 19, 1924, Vol. 30, pp. 29 and 40, Acety- 
lene Journal (July, 1924), Vol. 26, pp. 32-3 and 47-50. Aluminum welding. 

Welding Large Storage Tanks, Harold C. Price, Sept., 1924, Vol. 9, pp. 32, 
34 and 36. 

Welding Machine, E. A. Bienenstok, U. S. Pat. 1499498, Off. Gaz. (July 1, 
1924), Vol. 324, pp. 109-10. 

Welding Methods, The Canadian Manufacturer, Oct., 1924, Vol. 14, p. 20. 
Welding manifolds, exhaust tubes and trunks. 
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Swedox 
Welding Rods 











. 
and Wires 

LEKTROX SWEDOX NICKOX -  CYLKOTE 
# NONOX SWEDOX KROMOX MANKOTE 
t, ARC CARBOX ones gem TOBIN BRONZE 

GAS CARBOX STEELKOTE BRAZOX 
), CASTOX LEKKOTE BRONZOX 

VANOX ALUMINOX MANGANESE BRONZE 


The above list of Welding Rods covers the American Welding Society's Speci- 








g fications E-No. 1A, E-No. 1B, E-No. 1C, G-No. 1A—Folio Nos. 1-E and 1-G, and a 
4 large variety of other analyses developed by us for special purposes. 
: 
e, Put your welding problems up to our experts—(Demonstration will be made 
wherever possible.) Free samples of any rod sent upon request. 
Chicago Office and Detroit Office and 
1, Warehouse j Warehouse 
127 North Peoria St. Bellevue & Warren Aves. 
CHICAGO, ILL. DETROIT, MICH. 
4, Phone Haymarket 7400 Phone Melrose 4032 
n, 
g 
l- 
k 
i, Bound Volumes 
‘ Journal of American Welding Society 
Py 
: NOW ON SALE 


Includes Index of Subjects and Authors 
Price per Copy: Members, $5; Non-Members, $10 
Volumes | and 2 Now Ready 


American Welding Society 
33 West 39th Street 
New York, N. Y. 
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; ACETYLENE IN PORTABLE 
. CYLINDERS FOR OXY-ACETYLENE 
a WELDING AND CUTTING 


Do you understand our free loan cylinder plan? If not, 
We are glad to explain 





Supplied in the following size cylinders: 
10” x 30”—capacity 125 cu. ft. 
12” x 36°“ i iia 
12” x 44" “* a 


Prompt and efficient service on any quantity through plants 
and warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 
(Main Office) 80 Broadway, New York City, N. Y. 


_ BRANCHES: 


421 Trust Co. of Georgia Bldg., Atlanta, Ga. 
80 E. Jackson Boulevard, Chicago, Ill. 
553 Monadnock Bldg., San Francisco, Cal. 








EMBLEM 


All members of the Society are privileged to wear the 
Society emblem. Emblems may be obtained in two styles 
from the Secretary’s office. 


Price, gold-filled, 75c; 14-K. gold, $5.00. 








SERVICE FOR NEW ENGLAND 
ARMCO WELDING WIRE 


In Boston Stock 


P. F. MCDONALD & COMPANY 
STEEL 


17 KING TERMINAL All Grades and Finishes 





BOSTON 27, MASS. 
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Torchweld Gas Welding and Cutting Apparatus 
Correct in Principle 
Built Up to Highest Standards 


and therefore 


SAFE, ECONOMICAL AND DEPENDABLE 
under all circumstances 
Ask for Free Catalog No. 23S 


TORCHWELD EQUIPMENT COMPANY 











224 No. Carpenter St. Chicago, Ill. 

( 2 
Efficiency and economy of gases are achieved in Milburn 
Welding and Cutting Apparatus. 

Welding Torches Acetylene Generators Regulators 
Cutting Torches Compressing Plants Accessories 
Send for Catalog No. 354 
THE ALEXANDER MILBURN COMPANY 
1416-28 W. Baltimore Street Baltimore, Md. 

XY A 








Essentials for Safe and Reliable Electric Arc Welding 


WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 


Write for Booklet 


TRANSPORTATION ENGINEERING CORPORATION 


909 EAST 134TH STREET 327 S. LA SALLE STREET 
NEW YORK CHICAGO 











WILSON 


Welding Machines and 
“Color-Tipt” Welding Wire 
Special Grades of Wire for Welding 
STEEL—CAST IRON—BRASS—BRONZE— 
MONEL-METAL 


Wilson Welder & Metals Co., Wilson Building, Hoboken, N. J. 





Distributors in Canada G. D. Peters & Co., Ltd., Montreal 
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It’s New 


The Improved 200 Ampere 
Westinghouse Arc Welder 


NTIRELY different from other arc welding 

equipment, the essential reason for this new 
machine is to provide an arc welder with simpli 
fied control and a wider range of current adjust- 
ment—60 to 300 amperes. 


Quick recovery from arc voltage is its most im- 
portant characteristic. This is responsible for the 
exceptional ease in striking an arc—and main- 
taining it. After short circuiting the generator in 

striking an arc, the generator in- 





ARC WELDING DEPARTMENT 
Westinghouse Electric & M facturing Company 
East Pittsburgh, Pennsylvania 





Please send me a copy of your publication — Arc 
Welding and Cutting. 


Name aE AE 


Rak eee 


Address —__ hieaees 


Westinghouse 


stantly builds up the sustaining 
arc voltage. 





We welcome the opportunity to 
explain every detail of this nev 
equipment. 

Westinghouse Electric & Manufacturing Co 

East Pittsburgh Pennsylvan 


Sales Offices in all Principal Cities of 
the United States & Foreign Countries 
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UNION CARBIDE 


World’s Best Quality - Highest Gas Yield 


Always Uniform - 


Packed 
in 
Blue and Gray 





Always Dependable 


We have 
Warehouses 
in 
175 Cities 


The product of the originators and developers 
of the carbide and acetylene industry 


UALITY assured by more 

than a quarter of a century 
of experience in selecting raw 
materials and in perfecting lab- 
oratory practice and works 
processes. 


The faithfully sustained qual- 
ity compels recognition of the 
economies which go with it. 

Union Carbide will keep for 
years in the original package 
without deterioration. 


Our remarkable nation-wide 
service and distributing system 


makes Union Carbide quickly 
available everywhere. 


There is a Union Carbide 
warehouse near you. Shipment 
is made same day your order is 
received. 

We supply Union Carbide in 
Generator sizes— direct to con- 
sumer—at factory prices. 


Our Blue and Gray Drum is 
recognized throughout the world, 
as a symbol denoting Best Grade 
Carbide, Highest Gas Value, 
Uniform Dependable Quality 
and Purest Gas. 





Principal Offices: Carbide and Carbon Bldg., New York, N.Y. 


| UNION CARBIDE SALES COMPANY 
Bes Gas Building, Chicago, Ill. Balfour Building, San Francisco, Calif. 
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Why a Vice-President? 


HE CONGRESS of the United 

States wisely established a line 
of successors to the President. The 
first in this line is the Vice-President; 
next the Secretary of State; then the 
Secretary of the Treasury; and so on. 
In over one hundred years this re- 
serve has been called upon only a few 
times, and yet it has given our gov- 
ernment a stability not otherwise ob- 
tainable. 


















If you contract with Linde for your 

oxygen, you probably will always re- 

. ceive your supply from the same 
\ plant or the same warehouse. But if 
} anything should happen to this plant 
or warehouse, or if demand should 
exceed supply, then Linde has a line 

} of 115 successors—115 plants and 


~ 
~~ 


warehouses ready to step in and carry 
y the load. 


id THE LINDE AIR PRODUCTS COMPANY 


} General Offices: Carbide & Carbon Bldg. 
/ 30 East 42d Street, New York 
IO, 38 PLANTS—77—WAREHOUSES 
& 























_ LINDE OXYGEN © 


YOU CAN DEPEND ON THE LINDE COMPANY 
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The WD-12 Arc Welder 


—ean be furnished for any com- 
mercial voltage, phase or fre- 
quency. 
—a two-unit machine (motor and 
generator). 
—generator is self-excited. 

reactor automatically steadies 
arc. 
—handwheel on generator for 
regulating welding current. 
—any value of welding current 
between 75 and 300 amperes. 
—any commercial sizes of elec- 
trodes, large or small. 





—supplies wer to G-E Auto- 
matic Arc Welder for continuous 
welding. 
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There is a suitable G-E welder for 
your every arc welding need. Ask the 
G-E sales office for complete infor- 
mation. 


General Electric Company 
Schenectady, N. Y. 
Sales Offices in all Large Cities 
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eavy Duty! 


—a feature of the WD-12 Arc Welder 


This welder gives 24-hour service, 
day after day. 


It delivers 200 amperes contin- 
uously and 300 amperes for short 
periods. Voltage can be adjusted 
to suit the work. High voltage is 
provided to “‘burn the metal in” 
on heavy work. 


The WD-12 Arc Welder can be 
used with all commercial sizes of 
electrodes up to )4” diameter. It 
will handle any welding job either 
nearby or over a thousand feet 
from the machine. 


Ready to work when delivered. 


43B-2°1D 


GENERAL ELECTRIC 



























80 JOURNAL OF THE A. W. S. [October 











AGE-ARMCO Gas Welding 

Rods remove all doubt regard- 
ing the character of the welding 
metal. 


































They flow freely under the acety- 
lene flame, assuring an even, uni- 
form deposit of dense, clean metal, 
and a dependable weld. 





They are the purest iron made 
commercially and a_ recognized 
standard. 








Conform in all respects to A.W.S. 
specifications, Grade G-No. 1-A. 


Yellow tag—ends 5f rods colored 
yellow. 














Page Steel and Wire Company 


Bridgeport, Connecticut 
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An Associate Company of 
The American Chain Co., Inc. 


District Sales Offices 
Chicago, New York, Pittsburgh, San Francisco 
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GAS WELDING RODS 
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Portable Truck Welder 


The entire welder is here mounted on a substantial arc welded shop 
truck. The control panel is a low horizontal type and the whole outfit 
is very compact and easily taken into any place in the shop. 


The connection can be made to power lines anywhere in the plant 
where a motor of the proper horsepower would operate. 


This is the ideal outfit for railroad use, because it can be quickly taken 
to the locomotive wherever it may be, and welding can go on with 
other repairs. 


It is equally suited to many other plants where the objects to be 
welded cannot be brought to the welder, as in boiler shops, car shops, 
ship-building plants, oil refineries, etc. 


Motor 
| Generator iControl Panel 








Indianapolis 
Milwaukee 

Buffal 

Ceamte, 8, C. General Offices and Factory: Mianespatte 

Chicago . New York City 

Cincinnati Cleveland, Ohio Philadeiphta 

e' t Pi 
Des Moines The Lincoln Electrie Co. of Canada, LAd., Toronto-Montrea! Semen 
Grand Rapids European Representatives: Allen-Liversidge, Ltd., London St. Louis 


wz" The Lincoln Electric Co. 22,0" 


Boston 


Eeclusive Agencies with Stock; 
Distributing agencies in all principal cities. Ft. Worth, Texas Los Angeles 


New Orleans San Francisco 
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Because We Make Them Complete 


—Our Guarantee Actually Guarantees! 


Every part of every REGO torch and regulator is designed 
by "REGO engineers, is machined in the REGO shops, and is 
assembled and tested by experienced REGO workmen. All 
brass castings used are cast in the REGO foundry. 











Corner of REGO brass finishing department where castings from the 
foundry are machined to size and threaded 

From the first idea and the crude metals to the accurately finished equip- 
ment in your hands, all REGO equipment is produced in the REGO 
plant at 252 E. Ontario Street, Chicago. 

We have reason to know that every REGO torch and regulator is right 
—and guarantee it so. That is one of the reasons why REGO is the 
most popular equipment today. 


THE BASTIAN-BLESSING COMPANY 
252 E. Ontario St. Chicago, Ill. 
@ . neo seaaneetaumieeeiiemmnaiited 





Rego is Distributed Nationally by 


Kentucky oe Hydrogen Co. Logan St. & Goss Ave. Louisville, Ky. 
Weldox Equipment Company 350 West 52nd St. New York City 
ay ened “ayen Co. 796 Frelinghuysen Ave. Newark, N. J. 
Gas Prod Columbus, Ohio 
Memphis ‘Onn en Ce 52 W. MeLemore Ave. Momphis, Tenn 
St. Paul Wel ing & Mfg. Co. 174 West Third St. St. Paul, Minn 
Ohio Electrolytic Oxygen Ce. 936 Kenyon Ave. Cincinnati, Ohio 
The Noble Company 1801 Figuersa St. Les Angeles, Cal 
Mountaineer Welders Supply Ce. 408 S. Main St. Butte, Ment. 
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ACETYLENE FROM CAKES 


The most modern, efficient and safest source 
of acetylene supply—Carbic CAKES. 


Not an experiment. Hundreds of Carbic gen- 
erators using Carbic are in daily use on all 
kinds of welding and cutting work. 


The use of Carbic Cakes permits an ease of 
handling, a convenience and a safety not other- 
wise obtainable. 


Acetylene from Carbic costs less than one-half 
as much as compressed acetylene and only a 
few drums of cakes carried in stock insure a 
large supply of gas on hand at all times. 


CARBIC MFG. CO. 


Duluth, Minn. New York, 141-149 Centre St. 
Carbie low pressure, 
sestehio @ ~ Boston, 27 School Street Chicago, 565 W. Wash. Bivd. 
we ae The Hendrie & Bolthoff Mfg. & Supply Co., Denver, Colorade. 
Listed as sinteinat Woodward, Wright & Company, New Orleans, La. 





Offices and Representatives in other principal Cities 











for Futomatic Welding Machines 
| cfiuton Roebling Welding Wire 
pi: —  < | in Coils 


on Reels 
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JOHN» A. ROEBLING’S SONS COMPANY  iatnron, xew/derser 
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CESCO ARC WELDING HELMET 


Style P. A thoroughly practical and 
comfortable protection for the welder. 
Note that when preheating or making the 
work ready the door indicated by the 
arrow, at the left, opens up, and back of 
this door is a protection glass. Thus in- 
spection of work is made convenient and 
free from the danger of filling the oper- 
ator’s eyes with sand. 
Manufactured by 


CHICAGO EYE SHIELD COMPANY 
2304 Warren Ave. Chicago, Ill. 





Style P 
Helmet 
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For heavy welding operations 
in all fields 


Railroad Industrial Marine 


METAL & THERMIT CORPORATION 


120 Broadway, New York 
Pittsburgh Chicago Boston S. San Francisco Toronto 
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“THE UNIVERSAL 
WELDING MACHINE” 


The Only Really Portable 


Machine 


ARE YOU AWARE that our 
machine can be made to 
operate from any INDUSTRIAL 
Ne i SUPPLY A. C. or 





Electric Arc Cutting 
& Welding Co. 
152-56 JELLIFF AVE. 














NEWARK, N. J. 
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For Over Three Years 
Burke Electric Company 


has been supplying Arc Welding Machines in which 


“All Regulation of Current Is Accomplished by 
Turning a Hand-Wheel on the Generator” 


This thoroughly tried and proved 
equipment merits your most careful consideration. 


Investigate the original ; 


the one perfected as result of actual severe service. 


Send for Bulletin 130. 


Pittsbergh 
Philadelphia 


Milwaukee 
Fred H. Dorner 











Purchase your Oxygen 
under specifications — 
both for quality and 
quantity. 





Air Reduction Sales 
Company prefers to sell 
you on this basis. 





Air Reduction Sales Company 
Home Office: 342 Madison Avenue, New York City 


26 Airco Oxygen Plants 12 Airco Acetylene Plants 2 Airco Calorene Plants 
16 Airco District Offices 14 Airco Repair Stations 72 Airco Distributing Points 


Apparatus Factories and Research Laboratories 


Anything and Everything for Oxyacetylene Weldiny ard Cutting 
Copyright 1024, Air Reduction. Bales Co. 














